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In the present paper we purpose to consider the 45 patients whose 
records have been accessioned to our bacteriophage files who presented 
evidence of an impending or well established septic obstruction of the 
cavernous sinus: first, the 14 patients who survived; second, the 23 
patients who died within five days after the initiation of bacteriophage 
therapy, and, third, the 8 patients who succumbed after an interval 
varying from eight days to five months. We do not include as a sur- 
vivor any patient known to have succumbed to a sequel to this disease, 
even though he was discharged from the hospital “improved” or “cured.” 
Such patients have been classed among those who died. We include in 
this report, however, a few patients who because of lack of positive blood 
cultures were not accepted for our staphylococcemia series. The case 
numbers in parentheses refer to that series.1 A patient whose case has 
only a number for the present series is one not included in the staphylo- 
coccemia series. 

SURVIVALS 

Of the 14 patients who survived, we shall first discuss those in whom 
the classic signs of thrombosis of the cavernous sinus were so distinct as 
to make the diagnosis definite or, in those instances in which precise 
detail has not been submitted to us, patients who were stated by the 
attending physician to have had such thrombosis. 


This study was supported in part by a grant from the Oliver Rae Fund. 

From the Department of Bacteriology, New York Post-Graduate Medical 
School and Hospital, Columbia University. 

1. MacNeal, W. J.; Frisbee, F. C., and McRae, M. A.: Staphylococcemia 
1931 to 1940: Five Hundred Patients, Am. J. Clin. Path. 12:281-294 (June) 1942. 
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CAsE 1 (case 11).—D. L., a physician’s wife aged 32, had a furuncle on her 
chin on Oct. 14, 1931. After an accidental bump to the affected area and subse- 
quent picking and squeezing, she was hospitalized, on October 22, with swelling 
of the entire face, including the eyelids, and extension into the neck. The right 
cheek was involved, but the right eye was not edematous. Blood cultures were 
positive for Staphylococcus aureus on six occasions between October 22 and 
November 2. On October 25 the external and the internal jugular vein on the 
right side were ligated. The swelling had extended to close both eyes by 
the following day. Bacteriophage therapy was initiated on October 27. The 
bacteriophage was given intravenously, injected into the tissues of the face about 
the circumference of the swollen area and applied locally as wet dressings to this 
area. On October 31 the eyes still could not be opened by the patient but exami- 
nation revealed bulging edema of the scleral conjunctiva of the left eye. The 
bacteriophage therapy was continued, a sufficient quantity having been given in 
series on November 2 to produce the therapeutic Hugh Young reaction, subsequent 
to which there was prompt and continued clinical improvement. The patient was 
discharged on November 15 in good condition. 

A more detailed discussion of this patient, as well as the abbreviated clinical 
chart, has been presented in a previous paper. 


Case 2 (case 66).—M. C., a girl aged 8, was admitted to the hospital on Aug. 28, 
1933 with a diagnosis of erysipelas of the face, forehead and scalp. A boil was 
present on the cheek. Blood cultures were positive for Staph. aureus. By August 30 
there was considerable edema about the right eye, with proptosis and chemosis. 
On the following day there was chemosis of the left eye as well. On September 2 
incisions were made in the scalp, forehead and nose, and pus from all these sites 
contained Staph. aureus. At a consultation held at this time enucleation of the 
right eye was considered, but this action was deferred. Bacteriophage therapy 
was begun on September 3 and continued until September 27, when, owing to the 
normal appearance of the eyes, it was discontinued. The patient was discharged 
from the hospital on October 7 in good condition. As so often happens when 
bacteriophage therapy is discontinued too soon, there was a recurrence of active 
infection in the form of metastatic osteomyelitis, which cleared up completely on 
further bacteriophage therapy. 


A full discussion of this patient, along with the abbreviated clinical chart, has 
been published in a previous paper.* 


Case 3 (case 123).—A. P., a man aged 37, had a furuncle on the tip of his 
nose about Aug. 17, 1934. On September 2 there were pain and swelling about 
his left eye, and on September 7 he was admitted to the hospital with a temperature 
of 104 F. There was present edema of the left eyelids, with pronounced chemosis 
and slight proptosis of the eyeball. Examination of the eyegrounds revealed 
engorged retinal veins. The clinical impression was that the patient had throm- 
bosis of the cavernous sinus. Blood cultures were repeatedly positive for Staph. 
aureus. By September 10 there was limitation of movement of the left eye and 
the disk was hazy. The patient was operated on seven times, the operations 
including the draining of an orbital abscess, draining twice of a temporosphenoid 





2. MacNeal, W. J., and Frisbee, F. C.: Bacteriophage as a Therapeutic 
Agent in Staphylococcus Bacteremia, J. A. M. A. 99:1150-1155 (Oct. 1) 1932. 

3. MacNeal, W. J.: Recent Developments in Bacteriophage Therapy, New 
York State J. Med. 41:1531-1536 (Aug. 1) 1941. 
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brain abscess and removal of a large portion of the frontal bone. Bacteriophage was 
used locally and intravenously, with gratifying results, and the patient was dis- 
charged in good condition on March 3, 1935. 

For a more detailed discussion of this patient reference may be made to the 
report by his surgeon.* 


CasE 4 (case 197).—A. K., a woman aged 45, was admitted to the hospital at 
11:30 a. m., April 18, 1936 with swelling of the left side of the face and a tem- 
perature of 104.6 F. The face was given a treatment with ultraviolet radiation, 
wet dressings were applied and a therapeutic dose of erysipelas antitoxin was 
administered. The administration of antitoxin was repeated on April 19 and 24. 
The temperature and the pulse improved, but the swelling of the face extended 
to involve the left eye on April 20 and to close this eye entirely by that evening. 
On April 21 the swelling had further increased and the skin over it was very 









































































































































Chart 1 (case 4).—Abbreviated clinical record of A. K. 
charts, T indicates temperature and P pulse. 


As in the following 


tense. Blood taken for culture at 9: 30 a. m. remained sterile. The left eye could 
not be opened. Two small openings in the upper lip were present the next 


morning, from which there was sanguinopurulent drainage. On April 23 the left 


eye was immobile and vision of the right eye impaired. On the following day. 


the left eye was still immobile and there was severe pain about this eye. Pus 
from the face yielded a growth of Streptococcus haemolyticus and Staph. aureus. 
The swelling continued to extend, and on the morning of April 25 it involved the 
forehead. Blood taken for culture at 9:45 a. m. on this day remained sterile, 
but in blood taken at 12:30 p. m. a growth of Staph. aureus developed after 
fifty-four hours. At 6:15 p. m. on the same day the affected area of the face 
was needled and 40 cc. of staphylococcus bacteriophage injected into it through 


4. Smith, C. H.: An Observation on the Treatment of Osteomyelitis of the 
Skull, with Report of a Case, Laryngoscope 45:703-711 (Sept.) 1935. 
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multiple punctures. An intravenous injection of 2 cc. of phage was given. At 
8:45 p. m. there was severe pain around the left eye, for which Mo grain 
(0.003 Gm.) of dilaudid hydrochloride was given at 9:15 p. m. 

On the morning of April 26 the swelling of the right eyelids and the right 
cheek had increased, but during the day the patient became mentally more alert. 
In the evening the top of her head became very sensitive. A series of intravenous 
injections of bacteriophage was given through the night from 9:50 p. m. April 26 
to 5 a. m. April 27 to a total amount of 44 cc. At 5:45 a. m. there began a chill 
which lasted forty minutes, and at 6:55 a. m. the temperature reached 106.6 F. 
A bacteriophage dressing was applied to the face at 6:30 a. m., at 8 a. m,, at 
12 noon and at 4 p. m. Blood taken for culture at noon remained sterile. 
The patient’s appetite improved, and toward evening a slight movement of the 
left eyeball was observed, but there was pain over the right eye. Smaller intra- 
venous doses of bacteriophage were given daily from April 28 to May 9, and phage 
was applied locally to the face several times a day until April 29, at which time 
the patient was able to open both eyes and had good vision. 

The abbreviated clinical record, shown in chart 1, suggests that the progress 
of the disease was favorably influenced for a time by the erysipelas antitoxin but 
that the obstruction of the cavernous sinus progressed in spite of this. The first 
doses of bacteriophage were followed by a suggestion of improvement on April 26, 
but the distinct turning point of the disease was marked by the reaction, on the 
morning of April 27, following the series of intravenous injections of phage. After 
this the improvement was rapid and uninterrupted. The patient sat up in bed on 
May 6 and was discharged “cured” on May 9. We believe this to be an example 
of well established staphylococcic septic thrombosis of the left cavernous sinus with 
subsequent extension of the thrombus to the right cavernous sinus. 


Case 5 (case 335).—F. H., a girl aged 15, admitted to the hospital with a 
clinical picture of early thrombosis of the right cavernous sinus and septicemia, has 
been discussed in detail and the clinical chart presented in a previous paper.2 On 
admission it was noted that the right eyelids and the palpebral and the bulbar 
conjunctiva of the right eye were markedly edematous, but the cornea remained 
clear and there was no evident proptosis. On April 10, the fourth day in the 
hospital, the edema of the face was about the same, there was moderate swelling 
of the left eyelids and vision was present in both eyes. By the following morning 
vision was obscured in both eyes. It was on this day, April 11, that there was a 
therapeutic shock reaction after the intravenous injection of the staphylococcus 
bacteriophage specific for the organism isolated from the blood. Improvement 
was uneventful after this, and by November there remained only a slight persistent 
droop of the left upper eyelid as a sequel of the desperate illness. 


Case 6 (case 453).—E. C., a woman aged 55, was admitted to the hospital on 
Sept. 1, 1939 with an indurated area on the right cheek which had started as a 
small furuncle four days before. On the day of admission she had fallen and 
sustained lacerations of the forehead and under the left eye. Sulfanilamide therapy, 
which had been prescribed by her physician on August 31, was continued. On 
September 6 her condition had become progressively worse and was recorded as 
“critical.” Sulfapyridine (2-[paraaminobenzenesulfonamido]-pyridine) was substi- 





5. MacNeal, W. J.; Frisbee, F. C., and McRae, M. A.: Bacteriophage Service 
in Staphylococcal Infections, Am. J. Clin. Path. 11:549-561 (July) 1941. 
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tuted for the sulfanilamide, and its use was continued to September 9. Blood for 
culture taken on September 7 was positive for Staphylococcus albus. On September 
8 a diagnosis of cellulitis of the face and thrombosis of the cavernous sinus was 
made. Bacteriophage therapy was initiated on this day. The temperature came 
down by lysis to normal on September 12 and did not subsequently go above 100 F. 
The patient was discharged on September 21 with only slight discoloration of the 
face. 

The detailed discussion of this patient as well as the clinical chart has previously 
been published.* 


Case 7 (case 480).—D. B., boy of 12 years, had a head cold about Dec. 24, 1939 
but remained up and about until January 4, when he was confined to bed with fever. 


- 


On January 5 the right eyelids were edematous and red and there was definite 
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Chart 2 (case 7).—Abbreviated clinical record of D. B. 


tenderness over the right frontal, ethmoid and maxillary regions. He was admitted 
to the hospital on Jan. 7, 1940 in a toxic condition, with fever and nasal obstruction. 
There was swelling of the entire right side of the face, with edema of the right 
eyelids and the right scleral conjunctiva. Blood for culture taken at this time 
remained sterile. By the following day the edema of the eyelids had increased 
sufficiently to close both eyes. The right maxillary antrum was opened on January 8. 
In blood for culture taken on January 10 eleven colonies of Staph. aureus per cubic 
centimeter of the patient’s blood developed. On this day the right frontal sinus was 
opened. Administration of sulfapyridine was started during the evening and con- 
tinued to January 17. By January 11 the left eye could be opened, but the patient 
complained of stiffness of the neck with some limitation of flexion. On January 12 
a third blood culture was positive, and staphylococcus bacteriophage was given 
intravenously, 5 cc. at 7:15 p. m. Intravenous administration of phage was 
continued on January 13 with a dose of 3 cc. At this time the patient could open 
both eyes. Stiffness of the neck had increased. 
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On January 14 a series of intravenous injections of phage was given to a totaf 
of 100 cc., without evident reaction. However, on the following morning the 
patient was much brighter and the edema of the eyes had completely subsided. By 
evening the temperature began to rise, and blood for culture was taken, in which 
eight colonies per cubic centimeter of the patient’s blood developed. Use of phage 
was continued in intravenous doses of 10 cc. morning and evening on January 15 
and 16, and phage was used to irrigate the sinus wounds on January 16 and 17. 
On January 17 another series of intravenous injections of phage was given, to a 
total of 98.5 cc. There was no definite reaction, but there was a subsequent rise 
in temperature and pulse rate. A transfusion of 300 cc. was also given on this day. 
A radical operation on the right frontal air cavity was performed on January 18. 
Intravenous bacteriophage therapy was continued, with gradual diminution of the 
dose, until February 18. Blood taken for culture on January 20 and 27 remained 
sterile. By January 21 the stiffness of the neck had disappeared. The subsequent 
course was interrupted by periods of extreme nausea, by visual disturbances which 
suggested the possibility of subdural involvement and by a recurrence of rigidity 
of the neck on January 30. These, however, disappeared, and the patient was dis- 
charged in good condition on February 18. One cannot avoid some apprehension 
in regard to possible latent foci within the skull of this boy, but we have received 
no word in regard to sequelae. The abbreviated clinical record is shown in chart 2. 


Case 8 (case 494).—This case was a well established example of acute staphylo- 
coccic thrombophlebitis of the cavernous sinus, all the classic signs and symptoms 
of such an infection having been exhibited. Staphylococcemia was present. 

The patient was treated, in consultation, by us with large amounts of bacteri- 
ophage given intravenously, as much as 500 cc. and 980 cc. on the first two days, 
in conjunction with sulfathiazole (2-[paraaminobenzenesulfonamido] -thiazole) 
given by mouth. We are omitting further detail and discussion of this patient in 
accordance with the request of her physician, who had expressed his intention to 
report the case himself. 


The remaining patients who recovered to receive attention at this 
time are those who had a severe facial infection with an impending 
invasion of the cavernous sinus at the time when intensive bacteriophage 
therapy was initiated. In their cases the diagnosis of actual obstruction 
of the cavernous sinus is open to question. In some of them the infec- 
tion would seem to have been progressing so that the cavernous sinus 
would have become involved had not vigorous therapeutic measures been 
employed. In others there is the definite suggestion that there may 
have been at least a partial obstruction of the cavernous sinus. We shall 
attempt to present enough information in each case to permit the reader 
to arrive at his own decision in regard to the diagnosis. 


Case 9 (case 95).—J. B., a man aged 26, observed a small pimple on the right 
side of the nasal septum on April 13, 1934, which opened spontaneously on April 
16. The infected region was incised by a physician twice on April 17 and a third 
time on April 18. On April 19 the patient was admitted to the hospital with a 
carbuncle of the nose extending to the right, along the septum and to the upper 
lip, with swelling of the right cheek and the right eyelids. At 3:15 p. m., with 
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the patient under ether anesthesia, a vertical incision was made along the nasal 
septum, to the right and down the middle of the upper lip. Rubber drains were 
inserted, and subsequently continuous hot soaks were applied to the wound and 
castor oil was dropped into the eyes every three hours. Blood taken for culture 
on this day showed a growth of Staph. aureus recognized on April 20. At 7:15 
a. m. April 20 a transfusion of 340 cc. was given and blood for a second culture 
taken. This specimen remained sterile. By afternoon the abscess had extended 
to the infraorbital region, and at this time the cheek was incised and drained. A 
second transfusion was given on April 21. 

With the evidence of progressive extension of the inflammation, swelling about 
the eyes and a positive blood culture, it was decided to use bacteriophage. This 
was administered in a series of intravenous injections from 1 a. m. to 7:40 a. m. 
April 22 to a total amount of 65.5 cc. There followed a chill and a rise in tem- 
perature to 105 F. at 10:30 a. m., with a subsequent fall to 100.6 F. at 8 p. m. 
On this day the wounds improved in appearance. They were irrigated with bac- 
teriophage, and an intravenous injection of 5 cc. of phage was given at 9:15 p. m. 
The temperature rose to 106 F. at midnight and descended to 100.6 F. at 6 a. m. 
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Chart 3 (case 9).—Abbreviated clinical record of J. 


April 23. On this day a second series of intravenous injections of phage was 
given, from 10 a. m. to 7 p. m., to a total amount of 75.5 cc., with a less distinct 
reaction, the temperature reaching only 102 F. On April 24 this treatment was 
repeated, again to a total of 75.5 cc., without reaction. On April 25 the temperature 
at 8 a. m. was 98.4 F., the wounds appeared clean, the adjacent tissues had become 
soft and extension of the inflammation had entirely ceased. The wounds were 
sutured on April 28, and the patient was discharged from the hospital on April 29. 
On May 7 the face was healed and the physician reported that there would be no 
visible scar. We regard this as an example of cellulitis of the face which threat- 
ened extension to the cavernous sinus rather then an example of actual thrombosis 
of the sinus. There may have been a partial obstruction, however. The abbrevi- 
ated clinical record is shown in chart 3. 


Case 10—G. G., a man aged 25, was excluded from our staphylococcemia 
series because of inadequate evidence of invasion of the blood stream by staphylo- 
cocci. He is included here on the basis of his clinical record. He was admitted 
to the hospital on March 13, 1935 with carbuncle of the upper lip, cellulitis and 
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lymphangitis of the face. The swelling had increased by the next day to involve 
more of the lower lip, both lids of the left eye and the inner canthus. On March 
16 the left eye was closed by the increasing edema and the eyeball was bathed in 
purulent exudate, culture of which yielded a staphylococcus. The physician 
recorded his belief that the infection was gradually progressing to involve the 
cavernous sinus. On this day a series of intravenous injections of bacteriophage 
was given from 3 p. m. to 8 p. m. to a total of 15.5 cc. and was followed by a 
moderate chill. On March 17 two intravenous doses were given, each 2.5 cc. On 
March 18 a series to a total of 15 cc. was followed by a chill. On March 20 the 
face was less edematous but there were pain in the lower left area of the chest, 
cough and roentgenologic evidence of pneumonia involving both bases. The pneu- 
monia resolved without sequelae. The edema about the left eye gradually improved 
and had disappeared completely by March 26. The patient was discharged “cured” 
on April 18. Blood for culture taken on March 13, before the ocular edema had 
developed, and on March 17, after initiation of bacteriophage therapy, remained 
sterile. Unfortunately no other specimens were taken. The abbreviated clinical 
record is shown in chart 4. 
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Chart 4 (case 10).—Abbreviated clinical record of G. G. 


CasE 11 (case 190).—L. P., a woman aged 28, had a nasal polyp and a portion 
of a turbinate removed on March 19, 1936. Three days later there were a chill 
and red swelling about the nose, which became extensive on March 23. At this 
time there were marked edema of the eyelids and congestion of the conjunctiva, 
which persisted until April 2, after which there was gradual recession. Two 
ampules of erysipelas antitoxin were given on March 25, one ampule on March 28 
and one ampule on March 29. Blood taken on March 27, 28 and 29 showed 
in each culture a growth of Staphylococcus. At 11 p. m. on March 29, intravenous 
injection of bacteriophage was begun and continued in series until 12 noon March 
30, the total amount being 185.2 cc. After this treatment there was a chill and 
the temperature rose to 105.2 F. at 4 p.m. Blood for culture taken at 9 a. m. and 
at 4: 30 p. m. on March 30, as well as that taken on March 31, April 1 and April 
2, remained sterile. Clinical improvement was rapid, and the decline of fever 
more gradual. After April 8 the temperature did not again exceed 99 F. at any 
observation. Intravenous injection of phage was continued twice daily and later once 
a day’ until Aprii 15. On May 6 the condition was reported as excellent, and the 
patient has remained free from sequelae to May 1941. The physicians who saw 
her were of the opinion that the cavernous sinus was not actually involved. We 
believe that this was an example of facial inflammation with invasion of the general 


blood stream by staphylococci, which seriously threatened septic thrombosis of 
the cavernous sinus. 


CasE 12.—E. R., a woman aged 28, has not been included in the staphylococcemia 
series because of lack of positive cultures. Her record will be considered here 











MacNEAL ET AL—OBSTRUCTION OF CAVERNOUS SINUS 349 


with full recognition of the fact that the diagnosis of her disease remains uncertain. 
On Feb. 17, 1937, while removing wax from her left ear by means of a toothpick, 
she thought she scratched the skin. That evening there was swelling about the 
ear, and this swelling extended forward to the face, nose and lower left eyelid. 
She was admitted to the New York Post-Graduate Hospital at 1 p. m. February 
20 with a temperature of 104.4 F. Hot wet dressings were applied to the face, 
and an intravenous infusion of 1,200 cc. of 5 per cent dextrose solution was given. 
Examination of the ears revealed cellulitis of the left auricle and adjacent tissues, 
with a normal middle ear and mastoid. After the otologic examination there was 
a severe chill, lasting from 4:15 to 4:45 p. m., and the temperature rose to 107.4 
F. Blood taken for culture at this time remained sterile. At 5:15 p. m. the tem- 
perature was 106.4 F., and it was only 100.2 F. at 4 a. m. the next morning. The 
patient had been irrational most of the night. On the morning of February 21, 
the swelling and redness had extended to the right side of the face, and the left 
eye was almost closed. 

We were invited to undertake the patient’s care at 11:30 a. m. on this day. At 
this time the heart and lungs appeared normal; the left eye was closed by edema 
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Chart 5 (case 12).—Abbreviated clinical record of E. R. 


of the lids, but the lids could be separated and the vision remained good. The 
patient was now rational and not in distress. The white blood cells numbered 
18,300, with 95 per cent polymorphonuclear leukocytes. Without awaiting further 
positive evidence, we decided to treat the patient as if she were suffering from a 
rapidly spreading cellulitis threatening an obstruction of the cavernous sinus, due 
either to hemolytic streptococci or to staphylococci or to a mixture of these bac- 
teria, with the expectation that the blood culture would later clarify the diagnostic 
problem. Therefore, a series of injections of antistreptococcus serum, Parke 
Davis Biological 2005, was given from 12:10 to 3:40 p. m. to a total of 4.61 cc. 
in seven doses. Staphylococcus bacteriophage was also given, in a series of intra- 
venous injections from 12 noon to 9:15 p. m. to a total of 204 cc., without reaction. 
In the course of this therapy the second specimen of blood for culture, which 
likewise remained sterile, was taken at 1:45 p. m. As shown in the abbreviated 
clinical record, chart 5, the temperature reached only 105 F. at 8 p. m. on this day. 
On February 22 the swelling about the right eye was more pronounced. Bacteri- 
ophage was given intravenously, 16 cc. at 9:35 a. m. and 20 cc. at 5 p. m. Use of 
the streptococcus serum was also continued, in divided doses by intramuscular 
and intravenous injection, from 9:56 a. m. to 2:25 p. m., to a total of 3 cc. 
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On February 23 there was distinct improvement. The phage was given intra- 
venously, 10 cc. at 8:45 a. m. and again at 4:40 p. m. The serum was given 
intravenously in seven doses to a total of 10 cc. These agents were given twice 
daily through February 28 and then the phage alone twice daily until discharge 
on March 3. Use of bacteriophage was continued every forty-eight hours for ten 
days after the patient left the hospital. There was a serum rash on March 1, 
which subsided in thirty-six hours. As has been noted, the two cultures of the blood 
remained sterile. Hence, this is an example of an unsatisfactory scientific result 
coupled with an excellent recovery on the part of the patient. We believe that, 
even at the risk of an embarrassing and perhaps absurd diagnostic error, one 
should institute vigorous specific antibacterial therapy early in such instances of 
spreading inflammation of the face, without awaiting the result of blood culture 
or other time-consuming diagnostic studies. It is especially on this account that 
we have included the record of this patient here. The clinical evidence on February 
20 indicated a desperate condition. In the sequel, the condition seemed less 
serious. Perhaps, however, the therapeutic program may have helped to obscure 
the diagnosis by interfering with the natural course and fatal termination of the 
disease. It seems probable that the infection was due to a staphylococcus in the 
left external auditory canal and that the inflammation spread through the super- 
ficial lymphatics, along the veins to the carotid plexus and upward and forward to 
obstruct the intracranial venous channels. The specific diagnosis, however, remains 
undetermined. 
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Chart 6 (case 13)—Abbreviated clinical record of G. M. 


Case 13 (case 395).—G. M., a youth aged 19, gave a history of furuncles for 
the previous three years. He was admitted to the hospital on Feb. 12, 1939 with 
swelling of the upper lip of two weeks’ duration. It had started as a boil, but the 
infection failed to localize, and the entire face gradually became involved. On 
admission the left eye was tightly closed by the edema and the patient appeared 
toxic. Sulfanilamide was administered, 20 grains (1.3 Gm.) every four hours 
from February 12 to 15 and then 10 grains (0.65 Gm.) every four hours until 
February 18. Azosulfamide, 10 cc., was injected intramuscularly. A transfusion 
of 250 cc. was given on February 15, and transfusions were given on February 17, 
21 and 23. On February 16 the edema of the face remained about the same, with 
no evidence of fluctuation. The patient complained of severe headache, and there 
was rigidity of the neck, but a spinal tap yielded normal fluid. The condition 
appeared so desperate on this day that last rites were administered. Blood for 
culture taken on February 17 and February 20 showed Staph. aureus. The leit 
cheek was incised on February 18, with liberation of a small quantity of pus. 

On February 20 bacteriophage therapy was initiated, and a series of injections 
to a total of 7.5 cc. was given between 10 p. m. and 1:25 a. m. February 21, with- 
out reaction. At 7 a. m. February 21 the left eye could be slightly opened, swelling 
of the face had diminished and the temperature seemed to be assuming a lower 
level. The series of phage injections, which had been interrupted shortly after 
midnight, was continued from 9:15 a. m to 12:30 p. m. to a total of 37 cc., in 
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five doses. At 12:45 p. m. the patient began to complain of chilly sensations, and 
at 2:30 p. m. there was moderate diaphoresis. This would appear to have been ; 
a mild reaction to the bacteriophage, although the temperature was not greatly : 
elevated. Intravenous injections of phage, 2 cc. each, were given at 9:15 p. m. and 
at 8 a. m. the next day. A series of phage injections was administered from 3: 45 4 
p. m. February 22 to 10:15 a. m. February 23 to a total of 115.5 cc., without 
reaction. On February 23 it was recorded that the patient seemed to be definitely . | 
improving. Sulfanilamide was given, 15 grains (1 Gm.) every four hours, for six | 
doses, after a complaint of pain in the left ear on February 25. The patient 
improved slowly and made a complete recovery. He was discharged from the 
hospital on March 5. The abbreviated clinical record is shown in chart 6, 
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Case 14 (case 438).—P. R., a boy aged 5 years, complained of weakness and 
headache on July 31, 1939, and at this time his temperature was 101 F. On August 
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Chart 7 (case 14).—Abbreviated clinical record of P. R. 


3 there was pain over his right eye. On August 8 he was admitted to the hospital 
with ptosis and swelling of the lids of the right eye and a diagnosis of acute 
ethmoiditis. Administration of sulfanilamide was started at once, 10 grains (0.65 
Gm.) being given every three hours for three doses and then 5 grains (0.32 Gm.) 
every three hours until August 10. Blood for culture taken at 10 a. m. August 9 
showed Staph. aureus, twelve colonies per cubic centimeter of the patient’s blood. 
A spinal tap at this time yielded normal fluid. A second culture of blood, taken 
at 10 a. m. August 10, showed five colonies of the same organism per cubic centi- 
meter. A transfusion of 250 cc. was given at 6:10 p. m. this day, and administra- 
tion of sulfapyridine, 10 grains every four hours, was started at 8 p. m. Bacteri- 
ophage was given in a series of intravenous injections from midnight August 10 
to noon August 11 to a total of 78 cc. At 1:10 p. m. a chill began which lasted 
twenty minutes, with a sharp rise in temperature to 1044 F. at 2 p. m. and a 
subsequent fall to 102 F. at 4 p. m. and 100.8 F. at 8 p. m. 
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On August 11 at 4:30 p. m. an abscess which involved the right ethmoid 
and sphenoid was incised, and fragments of necrotic ethmoid bone were removed. 
Bacteriophage was applied locally to the wound, to the eye and to the nostril 
at intervals of three or four hours. Blood for culture taken at 9: 30 a. m. August 
13 remained sterile. Use of sulfapyridine was discontinued on the evening of 
August 14. The concentration of this drug in the blood was observed as follows: 
6.3 mg. per hundred cubic centimeters of serum on August 12, 7.7 mg. on August 
13, 4.2 mg. on August 14 and 2.2 mg. on August 15. At 4 p. m. August 15 an intra- 
venous injection of 6 cc. of bacteriophage was given; this was followed at 4:30 
p. m. by a chill lasting ten minutes. The intravenous administration of phage was 
then continued to August 27 in doses of 3 cc., without further reaction, and the 
local applications of bacteriophage were continued to September 2. Blood for 
culture taken on August 15, 17 and 29 remained sterile. The child was discharged 
on September 2. The eye was practically normal at this time. The final diagnosis 
was recorded as staphylococcemia, osteomyelitis of the right ethmoid, orbital 
abscess on the right and thrombosis of the right ophthalmic vein. The abbreviated 
clinical record is shown in chart 7. 


Septic obstruction of the cavernous sinus has long been regarded 
as a fatal disease. Eagleton ® said, “Acute anterior cases present little 
difficulty in diagnosis; they are early accompanied by chemosis, exoph- 
thalmos, first of one eye and then of the other, associated with profound 
pyemia and followed by death from sepsis or a complicating meningitis.” 
The first group of cases of Eagleton’s classification, based on the route of 
invasion into the sinus, includes those of obstruction arising by invasion 
of the ophthalmic vein from a wound or infectious lesion of the face, teeth 
or eyelids. These are “characterized by high temperature, chills, 
chemosis, exophthalmos, first of the eye of the homolateral side and 
then of the opposite eye, with partial recession of the proptosis of the 
first eye and rapid death from sepsis or meningitis.” In a second group 
he placed cases of obstruction originating in a facial furuncle or car- 
buncle aggravated by operative trauma. He said: 

It is now known that staphylococcic local infection involves the small veins, 
but this is circumscribed—local thrombophlebitis—at an early stage before the 
formation of an abscess; if, however, the local area is now incised, and especially 
if it is further traumatized by squeezing, the bacteria are disseminated. 

The surgeon thus converts a local process into a general blood stream infection, 


which through retrograde thrombophlebitis of the angular and facial veins, causes 
cavernous sinus involvement and death. 


In a third group he placed those cases in which the condition arises 
from disease of the antrum by invasion through the ophthalmic veins. 
In his fourth group the infection extends from tonsillar suppuration 
by way of the pterygoid plexus to produce acute obstruction of the 
anterior portion of the cavernous sinus. 


6. Eagleton, W. P.: Cavernous Sinus Thrombophlebitis, New York, The 
Macmillan Company, 1926. 
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In the present group of cases in which the patient survived, the diag- 
nosis presents greater difficulty, because the terminal criterion of Eagle- 
ton, namely, “followed by death from sepsis or a complicating meningitis,” 
is lacking. If one is willing to accept the diagnosis without death 
of the patient, then the evidence of venous obstruction of the cavernous 
sinus is rather convincing in the first 8 cases. In the remaining 6 the 
records presented would indicate a spreading inflammation of the face 
associated with a thrombosis of the veins of the face which was extend- 
ing toward the cavernous sinus and if allowed to pursue the natural 
course would in all probability have involved that venous channel. In 
case 12, that of E. R., a woman aged 28, treated on Feb. 21, 1937, the 
identity of the infecting organism was not known. Vigorous therapy 
directed against the unrecognized staphylococci and streptococci was 
followed by prompt improvement of the patient, who recovered without 
an established diagnosis. In the remaining 13 cases the bacteriologic 
studies revealed a staphylococcus as the infecting microbe. 

Our study of the patients here reported on, concerning whom not 
all the important details could be included, has convinced us that staphy- 
lococcic thrombosis of the cavernous sinus should be diagnosed from the 
clinical signs and promptly treated with bacteriophage in large doses 
given intravenously together with sulfathiazole given by mouth. Use 
of sulfathiazole should be discontinued after ten to fourteen days, but 
the bacteriophage should be given for several months after apparent 
recovery. 

FATALITIES 

There were 31 patients in our series who succumbed to the disease, 
21 of them within five days after bacteriophage service was initiated 
and, in addition, 2 who, without receiving bacteriophage, died soon 
after our services had been requested. There were 8 who survived for 
a longer period, extending from eight days to five months. These are 
too numerous to permit detailed presentation of all the records, and 
therefore we shall mention certain facts in regard to the entire group 
and then select for more detailed consideration those patients whose 
records seem most helpful toward an understanding of the disorder and 
the best means of dealing with it. 

In 23 of these 31 patients the initial lesion was a furuncle or other 
staphylococcic lesion of the face, in 4 it was evidently an inflammation 
of the mucous membrane of the nose and nasal accessory air cavities, 
in 2 it was an infection of the jaws and in the other 2 the infection was 
otogenous. The youngest patient was 6 years old and the oldest 63. 
There were 4 in the first decade, 4 in the second, 10 in the third, 11 
in the fourth and 1 each in the fifth and the seventh decade. There were 
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18 males and 13 females. In general the course of the disease was brief, 
and there was demonstrated invasion of the blood stream in 27 cases and 
lack of positive blood cultures in 4. In all, the classic ocular signs of 
thrombosis of the cavernous sinus were present. Bacteriophage was 
usually requested soon after this diagnosis was made or after recogni- 
tion of the positive blood culture. 


Death on the First Day.—One patient in this series succumbed to 
the infection on the same day that bacteriophage therapy was instituted. 
It seems logical to discuss the 2 patients who received no bacteriophage 
in conjunction with this one. Each of these patients was in a desperate 
condition when admitted to the hospital, with ocular involvement already 
severe. 


Case 15 (case 69).—A man aged 37 had been unable to open either eye for 
more than a week and had been in the hospital for five days when bacteriophage was 
finally requested, on the day of death, Sept. 23, 1933. Because the patient was 
moribund at this time, the physician in charge decided against administering it. 


Case 16 (case 303)—A woman aged 63 had a facial furuncle treated by radia- 
tion and received sulfanilamide by mouth. After two days her temperature reached 


107 F. Bacteriophage was requested, but she died Nov. 30, 1937, before it could be 
used. 


Case 17 (case 157)—A woman aged 33 had a supraorbital furuncle which 
began on April 28, 1935 and was incised on May 3. On May 5 the blood culture 
was positive and the spinal fluid cloudy. A small dose of bacteriophage, 0.5 cc., 
was given intrathecally and 1 cc. intravenously, followed by transfusion of 400 ce. 
of whole blood, administration of erysipelas antitoxin and a saline clysis. The 
patient died thirteen hours after admission, May 5. 


Death on the Second Day.—There were 8 patients with obstruction 
of the cavernous sinus who succumbed to the disease on the second 
day of bacteriophage therapy. Staphylococcus was demonstrated in the 
blood of each of these patients on at least two occasions. In 3 instances 
the phage therapy was initiated the same day that signs of an invasion 
of the cavernous sinus became evident and the patient died on the 
following day. In 1 instance, however, edema of the eyes had occurred 
eight days prior to the administration of bacteriophage. In 3 cases 
(cases 19, 337 and 418 of the staphylococcemia series) it was apparent 
that only the left cavernous sinus was involved, while in the remaining 
5 cases there was evidence, supported in 2 instances by postmortem 
examination, that both venous channels were affected. 


Case 18 (case 248).—A boy aged 6 had a head cold on Jan. 3, 1937, became 
irrational, had pronounced swelling of the eyelids and was hospitalized on 
January 9. Blood taken for culture on admission showed Staph. aureus, but 
the spinal fluid, although cloudy, yielded no growth. Meningococcus serum was 
given. On January 10 the spinal fluid contained staphylococci. Bacteriophage 
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was given intrathecally, 10 cc., and intravenously, 163 cc., on January 10 and 
its use continued on January 11. Coma began at 5 p. m. and was followed by 
death at 5:30 p. m. January 11. 


Case 19 (case 309).—A man aged 24 had osteomyelitis of the jaw from dental 
caries. After six days the eyelids were edematous and a blood culture was 
positive for Staph. aureus. Azosulfamide was administered, and on the day 
preceding death two small intravenous doses of bacteriophage were given without 
evident response. At autopsy both cavernous sinuses were found to be full of 
pus, evidently as a result of extension of infection through the pterygoid plexus. 
This case has been presented in detail elsewhere.” 


Case 20 (case 354).—A man aged 21 had a head cold after swimming on 
August 3. The eyes became edematous three days later, and blood taken for 
culture August 12 showed Staph. aureus. The spinal fluid was cloudy at this 
time, but culture was negative. Two intravenous doses of bacteriophage, 2 cc. 
each, were given, and an intranasal drainage of the left frontal sinus was per- 
formed at 4 p. m. without the finding of pus. The postoperative condition was 
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Chart 8 (case 21).—Abbreviated clinical record of M. C. 


poor, and death followed at 5:15 a. m. August 13. Autopsy disclosed generalized 
purulent meningitis and purulent thrombophlebitis of the cavernous sinuses. 


Case 21 (case 373).—M. C., a man aged 50, had tenderness at the tip of his 
nose on November 6 and was hospitalized on November 9 with a carbuncle 
at this site. Hot soaks were applied, and sulfanilamide was administered. By the 
next day the clinical picture of thrombosis of the cavernous sinus was evident. 
Blood for culture taken November 11 showed a growth of Staph. aureus. The 
carbuncle was incised on November 12. Use of sulfanilamide was discontinued 
on November 13, and sulfapyridine was given on November 16 and 17. The 
patient was now semicomatose and on the next day was irrational. Bacteriophage 
was given in five intravenous doses to a total of 20 cc. during the evening of 
November 18 and on the next day in a series of eight intravenous injections to 
a total of 350 cc., the series ending at 4: 30 p. m. At 5:10 p. m. there was a severe 





7. Hyde, W. H.: Pericoronal Infection Leading to Cavernous Sinus Thrombo- 
sis, Am. J. Orthodontics 24:393-394 (April) 1938. 
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chill, and the temperature rose to 109 F. at 6:25 p. m., profuse diaphoresis follow- 
ing. Chilled dextrose solution was given intravenously. The patient died at 9:05 
p. m. Necropsy was not permitted, unfortunately, for it would have been of 
great interest to know the extent and the location of the lesions, which would have 
thrown light on the cause of death. In our experience the reaction to injections of 
bacteriophage has not seemed dangerous to the patient, although at times it has 
been disturbing to the attendants. The abbreviated clinical record is shown in 
chart 8. 


Death on the Third Day.—There were 8 patients who succumbed to 
their infection on the third day of bacteriophage therapy. All had the 
classic ocular manifestations and also blood cultures positive for staphy- 
lococci. In 3 patients the disease involved only the right eye, and in 5 
it was bilateral. 

Case 22 (case 218).—The patient was hospitalized with an orbital abscess on the 


right side secondary to a nasal furuncle. The orbital abscess was incised and 
drained, after which the signs of thrombosis of the cavernous sinus appeared. 
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Chart 9 (case 24).—Abbreviated clinical record of E. W. 


Case 23 (case 145).—A man aged 40 had a furuncle of the nose on Feb. 
17, 1935, which he scratched. He was admitted to the hospital four days later 
with proptosis of both eyes and extensive swelling of the face. Erysipelas 
antitoxin was administered. On February 22 bacteriophage was given intravenously 
at 7:40 >». m. and serial doses continued until 2:50 a. m. the next morning 
to a total of 29 cc. Further intravenous injections were given on February 23, 
but owing to increasing difficulty in entering the vein, its use was discontinued in 
the afternoon. On the next day there were some nuchal rigidity and marked 
chemosis and proptosis. Death occurred at 12:45 noon February 24. 


Case 24 (case 245).—E. W., a youth aged 18, applied black salve to a pimple 
on his lower lip on Dec. 24, 1936. The swelling involved the eye on December 27, 
and he entered the hospital at 6:50 p. m. on this day. By December 29 both eyes 
were closed by the edema. Bacteriophage was given intravenously in serial 
injections from 9 p. m. that evening to 3:45 a. m. December 30, the total amount 
being 148 cc. At 3:55 a. m. there began a violent chill, with cyanosis, which 
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lasted twenty minutes, and at 4:30 a. m. the temperature was 107.2 F. Profuse 
diaphoresis followed, and the patient became rational and quiet; the facial swelling 
diminished and the left eye could be opened. An intravenous dose of 15 cc. of 
phage was given at 11:30 a. m. and phage therapy then discontinued. The 
patient died shortly after noon the next day, December 31. The abbreviated 
clinical record is shown in chart 9. 


Death on the Fourth Day.—Three patients died on the fourth day 
of bacteriophage therapy. 


Case 25 (case 164).—A man aged 32 showed the signs of thrombosis of the 
cavernous sinus on July 17, 1935, three days after squeezing a pimple on the bridge 
of his nose. Blood taken for culture on this day showed Staph. aureus. Bacterio- 
phage was administered on July 18, 19 and 20, but the patient died at 1:24 
a.m. July 21. 


Case 26 (case 177).—G. V., a man aged 28, had an earache on Oct. 24, 1935 
and spontaneous discharge from the right ear on November 7. On November 14 
he was hospitalized with facial paralysis on the right side. At 10:25 p. m. 
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Chart 10 (case 26).—Abbreviated clinical record of G. V. 


mastoidectomy was performed and a large epidural abscess was drained without 
disturbance of the lateral sinus. The postoperative condition was poor. On 
November 21 the eyes were bulging and entirely closed by edema. Blood taken for 
culture at this time showed Staph. aureus. Bacteriophage was given intravenously 
at irregular intervals beginning on November 22. The patient died at 9:05 a. m. 
November 25. Necropsy disclosed epidural abscess and purulent thrombosis of the 
right occipital vein, right lateral sinus, right inferior petrosal sinus, both superior 
petrosal sinuses and both cavernous sinuses. The abbreviated clinical record is 
shown in chart 10. 


Case 27.—M. S., a woman aged 35, was admitted to the hospital on May 31, 
1937 with a rigid neck, extreme tenderness about the left eye and an abscess of 
the jaw which had been incised. A lower tooth had been extracted on May 17. 
A specimen of spinal fluid taken on admission showed a cell count of 1,200, and 
culture yielded staphylococci. On June 3 the left eye was proptosed and the veins. 
about it greatly dilated. By June 5 there was severe mental derangement. Blood 
for culture taken June 1 and June 5 remained sterile. Bacteriophage was given 
intravenously from 7:45 p. m. June 5 to 1 a. m. June 7, at somewhat irregular 
intervals, and its use was then discontinued. The patient died at 4:20 a. m. 
June 8. Necropsy revealed necrotizing inflammation about the left cavernous. 
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sinus and leptomeningitis on the left side over the frontal and temporal lobes and 
over the pons. 


Death on the Fifth Day.—The following case is that of the patient 
who died on the fifth day: 


Case 28 (case 344).— A woman aged 22 was hospitalized on May 7, 1938 with 
a carbuncle of the upper lip which had been treated by roentgen rays on May 6, 
Blood for culture taken on May 9 subsequently showed Staph. aureus, The 
radiation treatment was repeated on May 9 and 11. By this time the ocular signs 
of obstruction of the cavernous sinus were definite. Bacteriophage was given 
intravenously in a series of injections to a total of 267 cc. on May 11, without 
reaction. It was omitted on May 12, but on May 13 specific phage was injected 
in series to a total of 70 cc. A mild reaction followed. Two small intravenous 
injections of phage were given on May 14. The patient died at 6 a. m. May 15. 


Comment.—These brief reports on some of the patients who died 
within the first five days of bacteriophage treatment serve to illustrate 
the well known malignant character of thrombosis of the cavernous sinus. 
In most of these cases the physician considered the condition hopeless 
when phage therapy was initiated, and on this account the therapeutic 
program was sometimes rather desultory. A critical comparison of these 
cases with the instances of recovery discussed in the preceding section 
has led us to the opinion that all these cases belong in the same category 
and that recovery in the cases with the more fortunate outcome resulted 
from early recognition of the condition, better resistance on the part of 
the patient and more adequate care and treatment. The present group 
of cases serves to illustrate the rapidity with which this malignant 
process may progress and the unfortunate rapid extension which may 
follow the application of roentgen therapy or trauma. We are in accord 
with Mainzer,® who said, “How often this condition could be prevented 
if the patient’s hands, as well as those of the surgeon, were tied at the 
onset of the primary infection.” Many of the patients were in a desperate 
condition when admitted to the hospital. Only the most fortunate use of 
available therapeutic measures could be successful in such patients. The 
futility of timid or ill advised use of therapeutic measures, such as the 
injection of minute amounts of bacteriophage or the blind introduction 
of larger amounts without regard to the reaction or the changing clinical 
condition of the patient, is evident. 

Delayed Fatal Outcome.—The following cases are illustrative of a 
fatal outcome which was delayed: 


Case 29 (case 85).—E. O., a woman aged 24, picked a pimple on her face 
on Dec. 30, 1933. There followed rapidly extending edema, and the temperature 


8. Mainzer, F. S.: Cavernous Sinus Thrombosis, Pennsylvania M. J. 34: 
38-43 (Oct.) 1930. 
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was 105 F. on Jan. 1, 1934. On January 6 the patient was hospitalized with signs 
of thrombosis of the cavernous sinus, and culture of blood taken at admission was 
positive for Staph. aureus. On the next day the upper left eyelid was incised 
and the upper orbit was probed without location of pus. On January 10 a series 
of eleven intravenous injections of bacteriophage was given from 4:15 p. m. to 
12:25 a. m. to a total of 75.5 cc., without reaction. Use of bacteriophage was 
then discontinued, and the specific phage prepared in our laboratory was never used. 
On January 11 the right eye became swollen and immobile and the neck was rigid. 
Blood taken for culture on this day again showed growth. On January 15 the 
wound of the left orbit was probed to a depth of 2 inches (5 cm.) and some 
purulent exudate was expressed. A spinal tap on January 17 yielded 10 cc. of thick 
cloudy fluid. The left eyeball was now soft and its cornea clouded. The patient 


died at 1:20 a. m. January 18, eight days after the bacteriophage treatment. The 
abbreviated clinical record is shown in chart 11. 


Case 30.—S. L., a girl aged 19, had a furuncle in the left nostril which was 
accompanied by extending edema. The edema closed the left eye on December 27, 
when she was hospitalized. Blood taken for culture December 30 and January 2 
















































































EQivan6, 7 8 9 1 | mu | 22 13 
(©) *) Reeeee | 1 | a = | 
106. INCISION 300 TRANSFusON |__| | 
LEFT UPPER | T 
109|—— LEFT uP 1 }__L ft Lf Tf EQOjan ia] is | 16 | wz | 
103 }— T f — +— IN 2 ISION 
200 TRANSEYSION | 
<<) ie f | exrrems |“ | |106}-"(9 ee a7 
oe CELLULITIS | ee... en BR AT. jo 
mi} ~emue + -~--4 +—— wt Wo NEok YAN 18 
EE B ———— 

100 - | + 735 CC PHAGE INTO VEIN WOUND Rieip, 2°°* 

X-RAY | | 160 aes 
180} PAN-SINUSITIS t a i liso ee 
120— , 1, . 
Hol 5 BLOOD CULTURES + “ 140 tm LER 
100 — ph} —— \ } \ IW | j130 _ ae = 
90 wore ——j |!20P Terr cHEMosis at 
so- _JrationaL | |1fo-— ~ | 4 

| 

7 | — : 











Chart 11 (case 29) —Abbreviated clinical record of E. O. 


remained sterile. On January 2 there were proptosis and enormous edema of the 
conjunctiva of the left eye. At 10:30 a. m. January 3 the left side of the nose was 
aspirated and pus obtained, which yielded Staph. aureus. Azosulfamide was given 
intravenously, and the left side of the nose was incised and drained. Stock bac- 
teriophage was administered subcutaneously, 2 cc. at 1:50 p. m, 5 cc. at 5:45 
p. m. and 5 cc. at 12:30 a. m. Intravenous injections of phage were begun at 
9:30 a. m. January 4 and continued as shown in chart 12. On January 5 the 
incision was extended mesial to and above the left eye, releasing pus and blood. 
At 4:30 p. m. a spinal tap yielded 10 cc. of cloudy fluid with a cell count of 
2,000. 

On January 6 a series of intravenous injections of bacteriophage was given 
from 8:30 p. m. to 11:40 p. m. to a total of 43 cc. There was a mild chill at 
midnight. Intravenous administration of phage was continued. On January 7 a 
spinal tap yielded 30 cc. of turbid fluid, and at this time 1 cc. of bacteriophage 
diluted with 18 cc. of hypotonic saline solution was given into the spinal canal. On 
January 8 the facial wound was irrigated with phage, and at 10 a. m. thick purulent 
spinal fluid was withdrawn and phage was injected intrathecally, as before. 
Specific bacteriophage was now available, and 20 cc. of a 1 to 100 dilution in 


hypotonic saline solution was given intrathecally at 8:30 p. m. A series of 
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intravenous injections from 7:30 p. m. to 11 a. m. the next day introduced 2 
total amount of 316 cc. At 11:30 a. m, January 9, 8 cc. of bacteriophage was 
injected into a dilated vein on the upper left eyelid and phage dressings were 
applied to both eyes. On January 10 it was considered feasible to operate, and, 
in the hope of saving the sight of the right eye by relieving the tension which had 
followed the swelling and proptosis, the right common carotid artery was ligated 
and 20 cc. of bacteriophage injected into it cephalad to the ligature. At 9:30 
p. m. the diluted phage, 20 cc. of 1 per cent solution, was given intrathecally, 
a dose not shown on the chart. On January 11 at 3 a. m. 15 cc. of phage was 
given intravenously. At 4:25 a. m. there began a chill which lasted twenty-five 
minutes, and the temperature rose to 104.4 F. The facial wound was probed at 
10:10 a. m. The general condition was poor at this time, and the patient passed 
into coma, from which she did not rouse. Intravenous administration of phage 
was continued, with 20 cc. at 3:30 p. m. and 15 cc. at 7:30 p.m. At 7:30 p.m. 
20 cc. of diluted phage was introduced into the spinal canal through a needle which 
had been in place since the previous evening to allow continuous drainage. Thirty 
minutes later this needle slipped out of place and was removed. At midnight 
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Chart 12 (case 30).—Abbreviated clinical record of S. L. 


a spinal tap was done, but only 2 cc. of fluid was removed, under normal pressure. 
Death occurred at 2:06 a. m. January 12, nine days after bacteriophage therapy 
was initiated. 

The autopsy disclosed several small embolic abscesses in the lungs but none in 
the kidneys. The lateral cerebral ventricles were almost obliterated and the cerebral 
convolutions smoothed out. There was a fresh hemorrhage near the right optic 
foramen. Localized collections of pus were observed over the tip of the right 
temperosphenoid lobe, on the floor of the right middle fossa and over the tentorium, 
and there was extensive suppuration in the pia-arachnoid over the right part of the 
cerebellum. Both cavernous sinuses contained thick creamy pus, and there was 
pus in the retrobulbar tissues of both orbits. The ethmoid and sphenoid accessory 
air cavities were normal. The abbreviated clinical record of this patient is shown 
in chart 12, which suggests that the ligation of the carotid artery marked the 
turning point in the course of the disease. It is, however, not easy to recognize 
the possibility of recovery of this patient in the light of the history and the 
changes observed at necropsy. 


Case 31 (case 31).—L. B., a girl aged 8, complained of rather sudden onset 
of pain in the left ear on Sept. 14, 1932; the pain persisted, and on September 
17 her forehead began to swell, at first on the left side and then, by rapid extension, 
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on the right to involve the upper right lid. She was admitted to the hospital 
on September 18 with a diagnosis of acute inflammation of the left ethmoid, 
frontal and maxillary air cavities and exophthalmos on the left, with swelling 
of the frontal region and of the eyelids, closing the left eye. Operation on this day 
consisted of amputation of the left middle turbinate, exposure of the superficial 
ethmoid cells, puncture of the left antrum and insertion into it of a rubber tube for 
irrigation and drainage. From the antrum there was obtained considerable pus, 
which on culture yielded Staph. aureus. On the following day the swelling about the 
eyes was somewhat diminished. Blood for culture taken on September 22 remained 
sterile. There is no record of subsequent blood cultures. However, on the basis 
of postmortem observations, which will be presented, the patient was included 
in the staphylococcemia series. 

Intravenous injections of bacteriophage in doses varying from 2 to 10 cc. were 
given daily from September 24 until October 5, without reaction at any time. 
Pregl’s solution (containing 0.04 per cent of iodine), as well as metaphen, was 
occasionally given intravenously during that time. On September 24 there was 
evidence of pneumonia in the lower lobe of the left lung, which became more pro- 
nounced on September 26. The pulmonary signs decreased somewhat on September 
30, but the pneumonia did not completely resolve. On September 26 swelling 
over the face and eyes had become more pronounced, extending to the right cheek. 
The forehead was incised and a drain inserted. Pain and swelling in the right wrist 
and the right knee, which were noted on this day, had subsided on September 28, 
but new tender areas appeared over the fifth metacarpal bone of the left hand 
and along the radial side of the right-forearm. The edema over the forehead had 
again decreased, but the eyelids were still swollen. On September 29 the right 
ear started to discharge. There were no meningeal signs. On the next day, 
although there was less swelling of the soft parts over the nose, the eyes were 
closed, with adherent lids. On October 2 the patient could open her eyes but 
seemed unable to distinguish objects, despite the fact that she responded intelligently 
to questions. The patient became suddenly worse on October 4 but rallied during 
the afternoon. On October 5 the appearance of the tissues and vessels of the 
nose and eyelids suggested a thrombosis of the cavernous sinus. The patient died 
at 8:10 p. m. October 5, on the twelfth day after the initial use of bacteriophage. 

The autopsy disclosed bilateral purulent pleurisy, pneumonia of the lower lobe 
of the left lung and of the middle and lower lobes of the right lung, purulent 
adhesive pericarditis, purulent coronary phlebitis, myocardial abscesses, multiple 
renal abscesses, purulent pachymeningitis, thrombophlebitis and partial obliteration 
of the cavernous sinuses, purulent phlebitis of the superior longitudinal and left 
lateral sinuses, bilateral otitis media and active paranasal pansinusitis. 


Case 32 (case 273).—A. H., a woman aged 25, had a furuncle on the right side 
of her chin on June 4, and she was admitted to the hospital at 7: 30 p. m. on June 
10 with a temperature of 101 F. and a swollen firm area on the left side of the 
lower lip and chin, extending into the neck. The next morning chemotherapy 
was begun with sulfanilamide by mouth and azosulfamide solution in 10 cc. amounts 
intramuscularly. The abbreviated clinical record, shown in chart 13, indicates 
the doses and the times of administration. On June 12 the swelling had extended 
and the temperature had reached 106.2 F. Blood for culture taken on this day 
showed growth of Staph. aureus, approximately two colonies per cubic centimeter 
of the patient’s blood. On June 13 the edema had extended to include the left 
eyelids, which had become discolored. However, the temperature diminished on 
this day and remained below 104 F. from June 14 to 17, inclusive. A second culture, 
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of blood taken on June 17, showed about twenty colonies per cubic centimeter of 
the patient’s blood. Bacteriophage was injected intravenously in series from 3 p. m, 
June 18 to 7:45 a. m. June 19 at fairly regular intervals to a total amount of 2705 
cc., without reaction, and the injections were continued with 13 cc. at 9 p. m, 
June 19 and 10 cc. at 10:30 a. m. June 20. Specific bacteriophage became ayail- 
able on June 21, and this was given intravenously in series from 12: 50 p. m. June 
21 to 2:20 a. m. June 22 to a total of 268 cc., without reaction. 

Bacteriophage therapy was then discontinued. Azosulfamide therapy was 
resumed on June 22. At this time the whole left side of the face had become 
swollen, with the appearance of a few small superficial abscesses on the face and 
neck, which were opened, and the right eyelids were involved. Blood taken for 
culture on June 24 showed only one colony per cubic centimeter of the patient’s 
blood. On the following day the swelling of both sides of the face subsided, 
but the left eyelids remained edematous and the left eye was found to be immobile, 
Blood for culture taken on July 1 remained sterile. On this day there was noted 
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Chart 13 (case 32).—Abbreviated clinical record of A. H. 


a gradually developing weakness of the right side, progressing to complete right 
hemiplegia. On July 11, the patient lapsed into coma, the temperature rose to 
107.4 F. and death occurred about noon, twenty-three days after the initiation of 
bacteriophage therapy. 

Necropsy disclosed a thrombosis of the left lateral and transverse dural sinuses, 
multiple abscesses in the lungs and kidneys, local cellulitis of the neck and a 
small soft embolus in the left pulmonary artery. The cavernous sinuses were not 
mentioned. In view of the clinical history and of the thrombosis demonstrated in 
the left lateral and transverse sinuses after an original infection on the right side 
of the chin, one is inclined to the view that the cavernous sinuses were not 
examined at necropsy. 


Case 33.—G. E., a man aged 30, had a small pustule in the right nostril on 
Dec. 23, 1938; within twelve hours there was an embolus of the right lung, and 
the patient soon began to expectorate pus and blood. The swelling spread to 
involve the right eyelids. On January 2 he began to improve and seemed on the 
road to recovery, but on January 5 he had a chill followed by rapid swelling 
about the right eye and severe conjunctivitis. The edema receded temporarily 
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a second time, but there was complete blindness in the right eye. Then there 
appeared numerous embolic abscesses in various parts of the body as well as 
signs of meningeal irritation. On January 18 an orbital abscess was recognized 
and a diagnosis of probable thrombosis of the cavernous sinus was made. The 
edema had recurred, and there was pronounced proptosis of the blind eye. The 
patient was admitted to the hospital, and the orbital abscess was drained by incision 
through the nose on January 19. Staph. aureus was cultured from the pus of 
this and of the many other abscesses which were drained from time to time. The 
patient was vigorously treated with sulfanilamide, sulfapyridine, azosulfamide, 
boiled milk by injection and liposol ® given intravenously. 

Bacteriophage was requested and was available on January 24 but was not 
used until January 28, on which day four doses were given intravenously to a 
total amount of 35 cc. Its use was .continued, 20 cc. being given three times on 
January 29 and twice on January 30. In addition it was applied locally. There is no 
record of the further use of bacteriophage, although additional amounts were requested 
and supplied by us. Blood for culture taken on January 21, February 5 and February 
9 remained sterile. The patient died on March 14, six weeks after the initiation of 
bacteriophage therapy. There was no autopsy. Owing to lack of positive blood 
cultures this patient was excluded from the staphylococcemia series. Although the 
available records are not entirely satisfactory, the behavior of the right eye, the 
culture of staphylococci in material from the orbital abscess and the fatal outcome 
seem adequate for a diagnosis of staphylococcic thrombosis of the cavernous sinus. 


Case 34 (case 168).—T. S., a youth aged 20, had a head cold on Aug. 6, 
1935. On August 9 there were severe headache and swelling of the left upper 
eyelid, which soon spread to the forehead and to the right eye, closing it. The 
patient was admitted to the hospital on August 13 with a temperature of 105.4 F., 
proptosis of the right eye, chemosis of the bulbar conjunctiva, venous congestion 
of the retina and dilatation of the veins in the upper eyelid. The spinal fluid was 
under pressure of 26 mm. of mercury and contained 30 lymphocytes per cubic 
millimeter. Culture of blood taken on August 15 was reported positive for 
staphylococci on August 21, but blood taken on August 16, 17, 18, 19, 20 and 21 
remained sterile. Cultures of blood taken August 22 and 23 were again positive 

‘for staphylococci. On August 23 abscesses of the scalp were incised and inci- 
sions were made in the temporal region, with release of a small amount of pus 
when the probe went as far as the periosteum. Culture of this pus was positive 
for Staph. aureus. Bacteriophage was given intravenously in series on August 
24 to a total of 40.5 cc., without reaction, and was given in doses of 5 cc. morning 
and evening through September 1, when its use was discontinued. 

Clinical improvement was recorded on August 26. In blood for culture taken 
this day there developed two colonies of Staph. aureus per cubic centimeter of the 
patient’s blood. Further cultures of blood taken on August 27 and 28 were 
positive for staphylococci, but blood taken on August 31 and on September 3, 
10 and 11 remained sterile. On September 9 the forehead was incised a second 
time, and on September 17 a spontaneous rupture through the right upper eyelid 
discharged considerable pus. On September 25 the spinal fluid showed a cell 
count of only 6 per cubic millimeter. On November 8 craniotomy was performed 


9. Liposol is essentially a colloidal suspension of hydrous wool fat in water. 
A description of the product, which has not been accepted by the Council on 
Pharmacy and Chemistry of the American Medical Association, was given in a 
report of the Council (J. A. M. A. 117:111 [July 12] 1941). 














apg Rt a 


ie 








364 ARCHIVES OF OPHTHALMOLOGY 


for osteomyelitis of the skull and bone was removed for a distance of 3 inches 
(7.6 cm.), an extradural abscess over the right frontal lobe being exposed. The 
dura was incised without disclosing pus beneath it. On November 26 the skull 
was opened in the occipital region and about 30 cc. of clear normal fluid was 
aspirated from the ventricles and replaced with air. A ventriculogram showed 
apparent blocking of the right anterior horn and a large defect in the frontal bone 
in this region, a result of the operation of November 8. On November 30 the 
scalp was reflected over this defect and more bone cut away in front, behind and 
to the midline. The dura was opened in three places without the finding of pus, 
On December 11 the patient was transferred to another hospital, where he died 
on Jan. 21, 1936, nearly five months after bacteriophage therapy was discontinued. 

Autopsy revealed a large abscess in the right frontal lobe of the brain, purulent 
exudate at the base over the pons and exudate on the right carotid artery, in the 
carotid canal and in the right cavernous sinus. The left cavernous sinus was not 
involved, and there was no gross evidence of osteomyelitis. 


Case 35 (case 294).1°—A. D., a woman aged 26, noticed a pimple on the nose 
near the left tear sac on Oct. 3, 1937. The left eyelid was closed by edema on the 
next day, and there was severe frontal headache. The swelling increased, and 
the patient had chills on October 5 and 6. On the latter day an infected hair follicle 
was removed from the nostril by a physician and it was noted that there was 
some thick pus in the left side of the nose. The patient was admitted to the 
hospital on October 7 with a furuncle in the left nasal vestibule and a fluctuant 
swelling over the left tear duct. There was edema of the lids of both eyes, more 
marked on the left, associated with a dark reddish brown discoloration. The left 
eye was proptosed, and there was pronounced chemosis of the conjunctiva, disten- 
tion of the retinal vessels without visible hemorrhage and some blurring of the 
disk. The right eyeball was freely movable, there was no chemosis and there was 
less distention of the retinal vessels than in the left eye. There was some cervical 
rigidity, the Babinski sign was present on both sides and the Kernig sign was 
absent. The visual fields of both eyes were narrowed in the nasal areas, and the 
fields for color were still further diminished. The intraocular tension in the left 
eye was increased, a reading of 60 to 65 being obtained on the McLean tonometer. 

On the day of admission the left common carotid artery was ligated with 
fascia lata and sulfanilamide therapy was initiated, 5 grains (0.3 Gm.) being 
given every three hours, and continued to October 11, at which time it was dis- 
continued because of cyanosis. Spinal taps were done, as is indicated in the accom- 
panying abbreviated clinical record, chart 14. On October 9 the wall of the left 
orbit was reflected by two cuts with the circular saw, and the contents of the orbit 
were eviscerated. A vein, identified as the ophthalmic, leading to the cavernous 
sinus, was explored with a probe until a free flow of blood containing pus was 
obtained. The bleeding was controlled with cotton packs and a dressing applied. 
Culture of the pus yielded staphylucocci. Microscopic study of the orbital tissues 
showed acute suppurative inflammation with suppurative thrombophlebitis of many 
veins. On October 10 the mouth could not be opened widely and the left side of 
the face was slightly swollen. Blood for culture taken on October 11, 15 and 19 
yielded staphylococci. Subsequent blood cultures were negative. On October 17 
bacteriophage was injected into the left orbit at the time of dressing, and this pro- 
cedure was continued daily. Bacteriophage was injected intrathecally on October 17 





10. Dr. Wells P. Eagleton and Dr. William H. Hahn furnished the records 
of this patient. 
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and 18, as indicated in chart 14. Intravenous injection of bacteriophage was not 
started until October 23, at which time a dose of 20 cc. was given. It was continued 
irregularly, with 25 cc. on October 29, 20 cc. on October 30, 30 cc. on November 1 
and 10 cc. on November 5. On November 20 myringotomy on the right side 
released thick pus from the middle ear. On December 10 it was noted that the 
left orbit was filling with granulation tissue. On December 5 the patient was 
allowed up in a wheel chair, and she was discharged, improved, on Jan. 29, 1938. 














































































m °Ss “ett wae - T T y > T 
Apet7] ¢ | 2 | 10 1 12 13 v7 Dhet 13 16 7 | w hie | 20 | 21 | 22 
——— ens 
TRANSFUSIONS 2850 200 200 i 200 200 suguions #00 200 | 
106-—— 7 ‘ seam isan SPINFLD+ + + + + + 
— ; , em ISP FLCLT + + . T - + - - 
! 
os 103 es + 
103 | NECK ; ; es i ee a ae 
og kiciDL YY 1 tN 1 ; 102 WA Js anil A ae 
i, - | TSPINAL FLUID+ + : oe * | Teas LAT ON NAL ones 
CULTURE OF SPINAL FLUID + + - ++ + oer ee sage aA 
EVISCERATION ; 99} INTRATHECAL 15 20 16 18 PHAcE _|~ 
jor EFI + +BLOOD cuLT,~ +——j | gg! + BLOOD CULTURE + BLOOD CULTURES — 
[107 CAROTID “OR BIT ice 19d HAGE TO ORBIT 05 3 10 0.8 10 10 
4 — < -! ! ! — r 1 —~—— | ! - 
ol? «i @ ' iz0P SP hal AL ALA 
[110+ 93 40 40 0 GRAINS SULFANILAMIDE TO OCT 11) i > Roe rea — sy LF et * et 
3 een cenicsiceieen Sheeran wetcse eats sik 100 — t i aula 
i a a T — T T T T T T T 
Aber 23) 2 25 | 2 27 28 | 29 30 T3i;Nov1; 2 | 38 | 4 ee ae, 
i ! i | } i 
200 120{ FRANS ; }200 200 TRANSFUSIONS 200 200 200 | 
Se SIONS)“ Ras yeh Feet 103 Bet: ; 











a 102 
: L - ——+— 101 
100 











eo + - - - SPINAL FLUIDS + 
WOOF 4+ + - - —SPINAL FLD CULTS 7+ 












































ey — i , =r 
20 BACTERIOPHAGE INTO VEIN 23 20 ‘ 
ie Ohio mo © 0 io to 10 10 — pyre 
T T T T T T 
AD} xov s} 9 | o | u | a | 13 "| 1s | |ADjov ie] 17 | 18 | 19 | 20 | 21 | ee | es 
p——— + 4+——---- -+ —-—+-——- — 4 T 
102} 200 TRANSFUSION HEADACHE | | 1oz ++ - | ee es Fe DISCHARGED 
{101 = } } ; + EMESIS } + 101 ™, } + } 4 | 29 1 
|100 TA | | | | 4 1100} } i 
99 
130 
120 WW 
110} P 
100 \— 
| ! ‘ ' ‘ ' ' 
iorsrt /20 10 10 10 10 10 10 10 +g! 10 10 10 10 10 10 10 10 














Chart 14 (case 35).—Abbreviated clinical record of A. D. 


She was readmitted to the same hospital on February 15 with severe headache 
on the left side and nausea. Spinal tap on February 17 yielded 5 cc. of normal 
fluid. On February 22 a small sequestrum was easily removed from the left 
orbit, which had continued to discharge. Morning headaches continued. On 
March 28 an encephalogram was made without recognition of any definite patho- 
logic changes. On the next day the patient was semistuporous and complained 
all day of headache and nausea. On March 30 exploratory punctures for a brain 
abscess located clear fluid at a depth of 4 cm. in both lateral ventricles. On April 
2 cerebellar decompression was performed. During the operation the patient 
ceased breathing and did not respond to the usual stimuli. A tap of the right 
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ventricle released fluid under great pressure and was rewarded by resumption of 
respirations. After an hour the operation was continued. The condition of the 
patient was poor at the close of the operation, and she died a few hours later, 
at 9:04 p. m. Thus, death, on April 2, 1938, occurred about five months after 
discontinuance of bacteriophage therapy. 

Autopsy revealed flattening of the brain convolutions, forcible elevation of the 
tentorium, adherence of the cerebellum to the left petrous bone and a cerebellar 
abscess filled with green pus near the midline, pressing on the iter and extending 
into the left cerebellar hemisphere. 


Case 36.—J. O., a boy aged 8, had been suffering from head colds for six 
months prior to admission to the hospital. During the last three weeks of this 
time he was frequently feverish, and on March 18, 1936 the left upper eyelid became 
swollen. He was admitted to the hospital on March 22 with the left upper eyelid 
edematous and deep red in color. When this lid was retracted it was found that 
the eye was exophthalmic and was immobile except for slight adduction. There 
was moderate chemosis of the bulbar conjunctiva, and vision was about 34 per 
cent. The right eye was not involved. Considerable pus was observed coming 
from the left ethmoid region. The left frontal region was swollen, with fluctua- 
tion extending from the inner end of the left eyebrow up toward the hair line. 
On the day of admission two small incisions were made about the inner portion of 
the left eyebrow, with release of a small amount of pus, which on culture yielded 
Staph. aureus. Pus could be seen escaping from the ethmoid through the suture 
at the anterior border of the lacrimal bone. The anterior half of the lacrimal bone 
and the anterior half of the left middle turbinate were removed. On March 24 
the swelling had diminished but chemosis persisted. The right ankle became 
painful and swollen on March 25. Blood for culture taken on March 26, 28 and 
30 remained sterile. 

On March 28 an intravenous injection of 0.5 cc. of bacteriophage was given and 
phage was applied locally to the wound. Intravenous injection of phage in doses 
of 5 cc. was continued somewhat irregularly once or twice daily until April 24. 
Bacteriophage was applied locally to the wounds at each dressing until August 
1. On March 22 incisions were made into a circular swelling which had appeared 
over the left parietal bone just posterior to the coronal suture. A small amount 
of pus was released, but no necrotic bone was encountered. On March 31 the 
patient was improved but an abscess was present below the vertex and slightly 
anterior to the ear on the left side. This was incised, pus was evacuated and the 
abscess cavity was washed out with bacteriophage. Culture of the pus was positive 
for Staph. aureus. The patient continued to improve and on April 5 was able to 
open the left eye and had fairly good mobility. Vision in this eye was 76.5 per 
cent. Numerous metastatic abscesses developed and were drained, but blood for 
culture taken on May 5 remained sterile. On May 22 a modified Killian operation 
and ethmoidectomy on the left side were performed. The patient was discharged 
improved on June 26. Subsequent to discharge osteomyelitis of various bones 
developed, and the patient was readmitted to the hospital for further surgical 
treatment. 

About September 1 personality changes were noted, and on September 4 a con- 
sultation was held. Numerous postoperative scars were present, and a pulsating 
mass, apparently a small hernia cerebri, was felt through the scar in the left 
frontoparietal region. There were ptosis of the left lid and bilateral exophthalmos, 
more pronounced on the right. Both pupils were dilated, and examination of the 
fundi revealed severe papilledema. Spinal puncture yielded fluid under increased 
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pressure which showed many cells but remained sterile. It was believed that a 
diffuse infection of the brain and meninges in the nature of meningoencephalitis of 
septic origin had occurred, following osteomyelitis of the left frontal bone. The 
temperature, which had remained low, suddenly rose to 104 F. on September 5, 
and the patient died on September 7, more than five months after initiation of bac- 
teriophage therapy. Necropsy was not permitted. Owing to lack of positive blood 
cultures this patient was excluded from the staphylococcemia series. 


The 8 patients considered in this section survived for a sufficient 
length of time to suggest that well chosen and adequate therapeutic mea- 
sures might have brought about a more fortunate result. In 3 of these 
patients there was a temporary recession of the disease, in 2 such 
that the patient was discharged from the hospital. A brain abscess was 
present in each of these 3 cases. In the light of our present knowl- 
edge, based on continued experience and a study of the records of the 
cases submitted here, we have come to believe that the bacteriophage 
therapy which was employed was wholly inadequate to combat the infec- 
tion. In many instances its use was extremely limited and it was dis- 
continued after a few days despite our suggested schedule of therapy. 
Even in instances in which there was full cooperation, we now feel that 
more vigorous bacteriotherapy combined with chemotherapy was indi- 
cated. The continued use of bacteriophage for at least six months after 
an apparent improvement cannot be too greatly stressed. Our experi- 
ence has convinced us that this continued therapy after severe staphylo- 
coccic infections plays a large part in the prevention of sequelae, such 
as brain abscesses. 

COMMENT 


We have presented the records of 45 patients with staphylococcic 
septic obstruction of the cavernous sinus which have been accessioned to 
our bacteriophage files during a ten year period, 1931 to 1940. Of these 
patients 31 per cent survived the infection, 51 per cent succumbed within 
five days and 18 per cent died after a prolonged illness. Most of the 
patients were included in the staphylococcemia series previously pre- 
sented,’ but in 6 instances, 4 of them fatal cases, proof of invasion of 
the blood stream was lacking. The recovery rate of 31 per cent in this 
series is not appreciably lower than that determined for the entire 
staphylococcemia series of 500 patients. 

Rapidly progressive phlegmonous inflammation of the face extend- 
ing to the eye should be promptly diagnosed as malignant staphylococcic 
infection and should be treated as such immediately, pending confirma- 
tion or refutation of this diagnosis by bacteriologic studies. The patient 
should receive staphylococcus bacteriophage intravenously in a series of 
regularly spaced increasing doses until a chill results or until a total 
amount of 500 to 1,000 cc. has been administered on the first day. Sub- 
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sequently the bacteriophage should be injected at least twice daily until 
the patient appears normal and then once daily for two weeks. It should 
then be administered once or twice a week for six months. Too early 
discontinuance of bacteriophage therapy would appear to have con- 
tributed to some of the late deaths in our series. Prolonged bacterio- 
phage therapy is earnestly recommended in cases of apparent recovery 
in order to prevent recrudescence of the disease and various late com- 
plications, especially intracranial abscess. Sulfathiazole should be given 
promptly, 8 to 12 Gm. on the first day and 4 to 8 Gm. daily thereafter 
for ten to fourteen days. Use of this drug should then be discontinued 
because of the risk of toxic complications. Treatment of facial furuncles 
by squeezing, by incision or by irradiation seems to have been respon- 
sible for malignant extension of the infection in some of the patients 
considered here. Conservative and gentle local care of such lesions is 
recommended. Surgical attack on the orbit, carotid artery, temporal 
bone, accessory air cavities or intracranial structures should not be under- 
taken without most careful consideration of the risks involved. In gen- 
eral the surgeon with most mature experience in this field will be most 
conservative. 


The attending physicians and the officers of the hospitals at which these patients 
were treated cooperated with us by supplying the patients’ records. 


303 East Twentieth Street. 
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VII. EFFECT OF DESENSITIZATION WITH TUBERCULIN IN 
EXPERIMENTAL OCULAR TUBERCULOSIS 
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In previous papers of this series experiments were reported which 
revealed the following facts: 1. When normal rabbits are systemically 
inoculated with virulent human tubercle bacilli, there results a self-limited 
low grade tuberculosis which provides a relative resistance to reinfection 
and a definite tissue hypersensitivity to tuberculin. In these immune- 
allergic rabbits the ocular sensitivity parallels the general cutaneous 
sensitivity.’ 2. When normal and immune-allergic rabbits are inoculated 
in the anterior chamber with tubercle bacilli or tuberculin, the degree 
of inflammation resulting parallels the degree of hypersensitivity to tuber- 
culin present or developing in the inoculated eye. Thus, in a normal rabbit 
the reception of tubercle bacilli in the eye causes no immediate reaction. 
The bacilli grow freely in the eye, undeterred by any immunity, and a 
high degree of local sensitivity results. Coincident with the growth of the 
organisms and the development of local hypersensitivity, there is acute 
tuberculous inflammation with caseation, necrosis and destruction of 
tissue.* When the eyes of immune-allergic rabbits are similarly inocu- 
lated, there occurs a transitory acute inflammatory reaction due to a 
reaction of the already sensitized ocular tissues to the tuberculin in 
the inoculum. Thereafter the dissemination and the growth of the bacilli 
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in the eye are restrained somewhat by the immunity from the prior 
systemic infection, and the degree of tissue hypersensitivity developing 
in the eye is less than in normal rabbits. The degree of tuberculous 
inflammation is correspondingly of moderate degree, and caseation, 
necrosis and tissue destruction are slight or absent. 3. The degree of 
hypersensitivity resulting from a prior systemic inoculation may vary in 
individual immune-allergic rabbits. When rabbits with a high sensitivity 
are inoculated in the anterior chamber, there results a rather violent 
immediate reaction, and the ocular lesions subsequently developing tend 
to be severe. When rabbits with low sensitivity are similarly inoculated, 
the immediate inflammatory reaction is slight, and the course of the 
subsequent ocular disease is somewhat less stormy than in the highly 
sensitive rabbits, although the final results are not greatly different.‘ 
4. Finally, an experiment was reported which demonstrated that when 
immune-allergic rabbits are desensitized with tuberculin prior to inocula- 
tion of the eye, the incubation period for ocular disease is longer, the 
incidence of absolute immunity much higher and the course of any sub- 
sequently developing ocular tuberculosis much milder than in nondesensi- 
tized rabbits similarly inoculated.* 

Thus, it has been shown that under the conditions of the experiments 
reported, the degree of hypersensitivity to tuberculin and the tuberculous 
inflammation of the eye are closely parallel, and desensitization prior to 
ocular inoculation has a favorable effect on the subsequent ocular disease. 
The next questions on the action of tuberculin to be investigated are: 
1. Does tuberculin have any effect on ocular tuberculosis in immune- 
allergic rabbits when treatment is instituted after the ocular disease 
is already active? 2. If so, what is the mechanism of such therapeutic 
effect, tissue desensitization or some other process? The purpose of 
this paper is to report an experiment dealing directly with these questions. 


EXPERIMENT 


Plan.—Eighty normal rabbits were inoculated systemically with tubercle bacilli 
on July 10, 1941. Approximately three months later, on October 16, when the 
animals had become immune-allergic, the right eye of each was inoculated in 
the anterior chamber with living tubercle bacilli. Approximately three weeks later, 
when tuberculous inflammation was present in varying degrees in all 80 rabbits, 
the degree of inflammation was estimated, and the rabbits were divided into two 


3. Woods, A. C.; Burky, E. L., and Friedenwald, J. S.: Experimental 
Studies of Ocular Tuberculosis: Relation of Ocular Sensitivity, Cutaneous Sensi- 
tivity and Ocular Activity in Immune Allergic Rabbits, Arch. Ophth. 23:351 
(Feb.) 1940. 


4. Woods, A. C., and Burky, E. L.: Experimental Studies of Ocular 
Tuberculosis: The Effect of Sensitivity and Immunity on the Experimental 
Lesions of Ocular Tuberculosis, Arch. Ophth. 25:62 (Jan.) 1941. 
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equal groups, the degree and intensity of the ocular disease being the same in 
each group. One group was thereupon treated with tuberculin, and the treatment 
was continued for a period of six months. The second group was not treated 
and served as a control. Both groups were examined each week and the course 
and intensity of the ocular tuberculosis noted and recorded on a numerical scale. 
Once during the experiment, as hereafter outlined, certain minor procedures were 
undertaken to determine whether any desensitization had been produced. At the 
conclusion of treatment with tuberculin, both groups were tested for cutaneous 
sensitivity and for production of a focal reaction in the eyes by a large intra- 
cutaneous dose of purified protein derivative. Finally, both eyes of each rabbit 
in the two groups were tested for ocular sensitivity to determine the degree of 
ocular desensitization accomplished. 

Technic.—The technic employed in previous experiments was followed. Systemic 
inoculation was in the groin with 0.25 cc. of a thick salt solution emulsion of 
living virulent human tubercle bacilli. Intraocular inoculation was in the anterior 
chamber with 0.2 cc. of an emulsion of the same living bacilli containing approxi- 
mately 250 organisms to the oil immersion field. Cutaneous sensitivity was deter- 
mined by the intracutaneous injection of 0.005 mg. of purified protein derivative. 
The ocular sensitivity was determined by first noting the degree of ocular 
inflammation present, then injecting 0.01 cc. of purified protein derivative in the 
anterior chamber, estimating the degree of inflammation present forty-eight hours 
later and recording as the ocular sensitivity the difference between the two esti- 
mations, this being the degree of enhancement of inflammation produced by the 


purified protein derivative. Injections of tuberculin were 0.1 cc. of old tuberculin 
given intracutaneously twice a week. 


RESULTS 

I. Therapeutic Effect—The effect of the injections of tuberculin on 
the ocular lesions is shown in the accompanying chart, in which the aver- 
age weekly intensity of the ocular disease in the treated group is plotted 
in comparison with the average weekly intensity of the disease in the 
untreated, control group. Immediately after inoculation of the eyes on 
October 16, all the eyes inoculated showed an inflammatory reaction to 
the tuberculin in the inoculum. This subsided almost completely within 
two weeks. Three and a half weeks after inoculation actual tuberculous 
inflammation was present in all these eyes. On November 10, the 
rabbits were divided into two groups, and injections of tuberculin were 
begun in one group. Immediately after the first injection of tuberculin, 
the treated rabbits showed a focal reaction, due to the absorption of 
tuberculin, in the already diseased and sensitized eyes. This reaction 
subsided within one week, and again the intensity of the ocular disease 
was the same in the two groups. Thereafter, as the injections of tuber- 
culin were continued, the severity of the disease in the treated group 
subsided rapidly. On December 18, after five weeks of treatment, only 
5 rabbits in the treated group had clinically active ocular tuberculosis, 
10 had a trace of inflammation and in 23 the disease was inactive. In the 
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untreated group, 25 rabbits had clinically active disease, 6 had a trace and 
in 9 the disease was inactive. On Feb. 26, 1942, after sixteen weeks of 
treatment, in the treated group 5 rabbits had active disease, 6 had a trace 
and in 26 the disease was inactive. In the untreated group 20 rabbits had 
active disease, 7 had a trace and in 11 the disease was inactive. On April 
9, after twenty-two weeks of treatment, the treated group showed 1 rabbit 
with active inflammation, 8 with a trace and 27 in whom the disease was 
inactive, while the untreated group showed 12 rabbits with active inflam- 
mation, 5 with a trace and 21 in whom the disease was inactive. On con- 
clusion of the tuberculin treatments, on April 29, the treated group had 
1 rabbit with active inflammation, 4 with a trace and 31 in whom the dis- 
ease was entirely inactive. In the untreated group 8 had active inflamma- 
tion, 4 had a trace and in 25 the disease was inactive. These results are 
shown in table 1. 
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Effect of treatment on ocular tuberculosis in immune-allergic rabbits. 


TABLE 1.—Course of Ocular Inflammation 








Fifth Sixteenth Twenty-Second Twenty-Fifth 
Week of Week of Week of ; Week of 
Treatment Treatment Treatment Treatment 

(eT, i Tl a — (a eee 
Ac- Inae- Ac- Inac- Ac- Inae- Ac- Inac- 

tive Trace tive tive Trace tive tive Trace tive tive Trace tive 

TOCRROE BIO ca x ococcccec cess 5 10 23 5 6 26 1 . 27 1 4 31 

Untreated control group...... 25 6 9 20 7 ll 12 5 21 8 4 a) 


Comment.—The severity and the duration of ocular tuberculosis vary 
in different groups of immune-allergic rabbits. The factors governing 
the variations are probably differences in the degree of sensitivity and 
of immunity resulting from the initial systemic inoculation, uncontrollable 
variations in the virulence and quantity of the bacillary inoculum and, 
quite possibly, thermal variations. In general the ocular disease lasts 
from three to six months, smoldering on for several months in a few 
especially susceptible rabbits after becoming completely inactive in the 
majority of the group. 
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In order that a comparison of two groups may have statistical value, 
certain fundamental points must be observed. First, the conditions of 
the experiment must be identical in the two groups with regard to time 
of the initial systemic and secondary ocular inoculations, culture of the 
organisms used and amount of the inoculum. Second, the two groups 
must at the beginning of the experiment be comparable, having ocular 
lesions of equal degree, and thereafter they must be kept under exactly 
the same conditions. Third, the clinical examinations must all be made 
by one observer to eliminate any personal variation. Fourth, the groups 
must be sufficiently large to smoothe out the variations occasionally 
shown by individual rabbits. These conditions were maintained through- 
out this experiment. All animals were inoculated on the same day with 
the same cultures of organisms. The ocular inflammation was of the 
same intensity in the two groups, and all the rabbits were kept in the 
same room under exactly the same conditions and on the same diet. 
All inoculations and cutaneous tests were made by one observer 
(E. L. B.), and all ocular examinations and clinical estimations by 
another (A. C. W.). The groups were as large as our available cage 
space would permit. The widest single variation occurred in the treated 
group. Despite, or possibly on account of, the tuberculin treatment, 
1 rabbit showed caseation and necrosis and had active inflammation at 
the end of six months. In the untreated group, the 8 rabbits in whom 
tuberculosis was still active at the end of the experiment all had a 
relatively low grade inflammation. As shown by the curves in the chart, 
the groups were sufficiently large to absorb such individual reactions, 
smooth curves resulting. 


In the course of such experiments as this certain peculiar and quite 
unpredictable phenomena are sometimes observed. Thus, in an early 
experiment on cutaneous sensitivity, the entire group of rabbits showed a 
sudden, violent transitory increase in the cutaneous sensitivity syn- 
chronous with a sudden heat wave. In this experiment, twelve weeks 
after inoculation, when the tuberculous inflammation in both groups 
appeared on the wane, there occurred a sudden increase in the average 
ocular activity both in the untreated and in the treated group. In the 
untreated group the average activity rose from 0.75 to 1.5, and in 6 
rabbits showers of new hard tubercles suddenly developed in the iris. 
In the treated group the increase was somewhat less, the average 
activity increasing from 0.1 to 0.25, hard tubercles developing on the 
iris in 4 rabbits. This sudden exacerbation of inflammation followed 
a change in the weather, a warm wave, and may have been related to 
it, as suggested by the recent. studies of Petersen, Howe and Milliken.® 


: 


5. Petersen, W. F.;: Howe, J. S., and Milliken, M. E.: Weather and 
Resistance in Pulmonary Tuberculosis, Am. Rev. Tuberc. 44:377 (Oct.) 1941. 
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The dose of tuberculin given to the treated group of rabbits js 
obviously out of all proportion to any dose given clinically to human 
beings. The reasons such massive doses were used are as follows: 
First, rabbits are not the most satisfactory animals for experiments in 
allergy. They do not become hypersensitive as readily as do guinea 
pigs, and they tolerate remarkably well large doses of tuberculin. They 
were used in this series of experiments because they recover from a 
systemic infection with virulent human bacilli and thus permit a long 
period of observation. Further, the ocular tuberculosis which develops in 
immune-allergic rabbits is remarkably similar to human ocular tuber- 
culosis. Since rabbits were used it was necessary to recognize the 
fact that they tolerate tuberculin with comparatively little reaction and 
large doses would be necessary to desensitize them. Second, since the 
ocular disease usually heals spontaneously in six months, it was neces- 
sary to accomplish desensitization speedily if any significant clinical 
therapeutic effect was to be observed. Third, the question of a focal 
reaction with organic damage to the eye was of no particular concern. 
The main object was to accomplish desensitization speedily. As a matter 
of fact, although focal reactions did occur, they subsided quickly and 
caused little residual organic damage. With the massive doses used the 
therapeutic effect of the injections of tuberculin became evident early, 
after five weeks of treatment. There was naturally less difference 
between the two groups at the end of the experiment, when the inflam- 
mations in the untreated group were spontaneously healing. 

The injections of tuberculin were all given intracutaneously rather 
than subcutaneously. As yet no studies have been made on the com- 
parative desensitizing effects of the various methods of administering 
tuberculin. It may well be that desensitization can be better accom- 
plished by other means, such as pericutaneous administration or even 
administration in vapor. At present there is some evidence that the intra- 
cutaneous method may be preferable to the subcutaneous method. Cer- 
tainly it appears as good. 


II. Desensitization Effect——At the end of the fifth week of treat- 
ment, on December 18, when the therapeutic effect of the tuberculin 
therapy was clearly evident, the pertinent question was whether any 
ocular desensitization had been accomplished. This was studied in the 
following manner: In order to determine whether there was any dif- 
ference in the reactivity to tuberculin of the eyes of the two groups, both 
the control and the treated group were given intracutaneous injections of 
0.1 cc. of old tuberculin. As usual there was no reaction in the eyes of 
the treated group. The eyes of the hitherto untreated group showed, 
however, an immediate inflammatory focal reaction, the average numeri- 
cal estimation of the inflammation increasing from 0.8 to 1.6, or 100 











WOODS-BURKY—OCULAR TUBERCULOSIS 375 


per cent. This clearly indicated a relative insensitivity of the eyes of 
the treated group as compared with the eyes of the untreated group. 
To demonstrate further this apparent ocular desensitization of the treated 
group, a sample pair of rabbits was taken from each group, the degree 
of ocular activity in the two pairs being the same. The cutaneous and the 
ocular sensitivity of these sample pairs were then determined in the 
usual manner. Both the treated and the untreated rabbits showed a 
cutaneous sensitivity of 0.75 (4.0 being the maximum reaction with 
inflammation, induration and necrosis). The ocular sensitivity of the 
treated pair was 0.75, while that of the untreated pair was 3.5 (4 being 
the maximum, with inflammation, caseation and perforation). These 
results are shown in table 2. 

The degree of desensitization in both groups was tested at the end 
of the experiment in the following manner: On May 5 all the rabbits 
were given 0.05 mg. of purified protein derivative intracutaneously. 
This large dose was given for a double purpose: (a) to ascertain the 


Taste 2.—Evidence of Desensitization at End of Fifth Week of Treatment 











Ocular 
Reactivity to 
Intracutaneous Ocular Cutaneous 
Injection of Sensitivity of Sensitivity of 
Tuberculin Sample Pairs Sample Pairs 
ere a 0 0.75 0.75 


Untreated control group............. 0.8 8.5 0.75 


cutaneous reactivity and (b) to determine whether the eyes of either 
group would show a focal reaction. 

In the treated group the average cutaneous reactivity to this amount 
of purified protein derivative was 0.5. In the untreated group it was 
1.36. At the beginning of the experiment, before any tuberculin was 
given, estimations of the cutaneous sensitivity made with the usual dose 
of 0.005 mg. of purified protein derivative showed a cutaneous reactivity 
of 0.9. Thus, in the treated group the cutaneous sensitivity had mark- 
edly declined, the rabbits showing less reactivity to a larger dose. In the 
control group any change in the cutaneous sensitivity was not apparent, 
the rabbits showing a stronger reaction to a larger dose. The control 
group was therefore retested with 0.005 mg. of purified protein deriva- 
tive. To this amount the cutaneous reactivity was 0.88 — no significant 
change. These results are shown in table 3. 

The reactions of the eyes of the two groups to the intracutaneous 
injection of the larger dose, 0.05 mg. of purified protein derivative, were 
more significant than the cutaneous reactions. In the treated group, 2 
rabbits showed a minimal focal reaction in the eyes, the inflammation 
increasing 0.25 on the numerical scale. In the untreated group, of 38 
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surviving rabbits 34 showed a focal ocular reaction, the average increase 
in the ocular inflammation being 0.36. 

At the conclusion of the experiment, on May 11, when the eyes 
had recovered completely from the focal reaction produced by the intra- 
cutaneous injection of 0.05 mg. of purified protein derivative, the ocular 
sensitivity of both eyes of both groups was tested in the usual manner, 
by the injection into the anterior chamber of 0.01 mg. of purified pro- 
tein derivative. There were naturally no estimations of the ocular sensi- 
tivity made at the beginning of the experiment, for the intraocular 
injections of purified protein derivative and the resulting reactions would 
have invalidated the final results. However, it is known from a former 
experiment that in immune-allergic rabbits without ocular disease the 
ocular and the cutaneous sensitivity are roughly parallel. In these two 
groups of treated and untreated rabbits, the cutaneous sensitivity had 


TABLE 3.—Effect of Treatment with Tuberculin (Dec. 18, 1941 to April 29, 1942) 
on Cutaneous and Ocular Sensitivity 




















Ocular Sensitivity 
—— 
Normal 
Cutaneous Sensitivity Right Eye Left Eye 
ps eae Sq eee - — A ——, 
10/16/41 4/28/42 10/16/41 4/29/42 12/8/41 4/29/42 
- 0.9 0.5 1.1 0.36 ? 0.27 
(0.005 (0.05 
mg.) mg.) 
Untreated control group..... ; 0.9 0.88 0.9 1.84 ? 0.32 
(0.005 (0.005 
mg.) mg.) 


been 0.9. It is reasonable to assume that the ocular sensitivity was of 
this magnitude. Further, when the right eyes of the animals in both 
groups were inoculated with tubercle bacilli, the reactions to the tuber- 
culin in the inoculum (whatever the amount of tuberculin may have been, 
it was the same in the two groups) were, respectively, 1.1 and 0.9. 
These figures may fairly be taken as representing the minimum degree of 
ocular sensitivity present at the beginning of tuberculin treatment. 

The results of this test for ocular sensitivity were as follows: In the 
diseased right eyes of the treated group, the average ocular sensitivity 
was 0.36, having declined from 1.1 at the beginning of the experiment, 
a decrease of 66 per cent, which is comparable to the decrease in 
cutaneous sensitivity. In the undiseased right eyes, the average sensi- 
tivity was 0.37. In the untreated group the average ocular sensitivity 
was 1.84, having increased from an assumed original sensitivity of 
0.9, an increase of 100 per cent. The average sensitivity of the undis- 
eased left eyes was 0.32. These results are shown in table 3. 
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COMMENT 


These figures leave no doubt that definite desensitization had been 
achieved in the treated animals. The facts supporting this conclusion 
are: 1.’ The absence of ocular reaction to the intracutaneous injection 
of tuberculin shown by the diseased eyes of the treated group as compared 
with the marked reaction shown by the eyes of the control group at 
the end of the fifth week. 2. The relative insensitivity of the diseased 
eyes of the sample pair from the treated group as compared with the 
marked sensitivity of the eyes of the sample pair from the control group 
when these eyes all received an intraocular injection of purified protein 
derivative at the end of the fifth week of treatment. 3. The marked 
decline of cutaneous sensitivity shown by the treated group as compared 
with the maintenance of cutaneous sensitivity shown by the control 
group at the end of the experiment. 4. The comparative absence of 
focal ocular reactions shown by the treated group as contrasted with 
the marked focal reactions shown by the control group when 0.05 mg. 
of purified protein derivative was injected intracutaneously at the end 
of the experiment. 5. The marked decrease in the ocular sensitivity of 
the treated group as compared with the increase in ocular sensitivity 
of control group at the end of the experiment. 

The degree of ocular sensitivity in the uninoculated left eyes of the 
two groups permits no conclusions. It would be expected that the sen- 
sitivity of these eyes would parallel the cutaneous sensitivity. In the 
treated group this was the case. In the untreated group the ocular 
sensitivity of the normal left eyes was less than the cutaneous sensitivity. 
In a previous study ® it was shown that disease of one eye did not 
produce an increased sensitivity to tuberculin in the other eye. This 
proved again to be true in the present series of rabbits. While the degree 
of ocular sensitivity in the undiseased eyes was slightly less in the treated 
group than in the control group, the difference is of no statistical 
importance. 

In a previous communication * the question of selective desensitiza- 
tion was discussed. There is some experimental work which indicates 
that tuberculin may filter out at the site of local inflammation. It is there- 
fore possible that selective desensitization of local tuberculous areas 
might follow the parenteral injection of tuberculin. The ocular and 
cutaneous reactions to purified protein derivative shown by the sample 
pairs of eyes at the end of the fifth week of treatment indicate that such 


6. Woods, A. C., and Burky, E. L.: Experimental Studies of Ocular Tuber- 
culosis: The Question of Organotropism, or the Selective Sensitization of the 
Second Eye, Arch. Ophth. 23:363 (Feb.) 1940. 

7. Woods, A. C.: Problem of Ocular Tuberculosis, Am. J. Ophth. 21:366 
(April) 1938. 
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selective desensitization of the eyes might have occurred. At this time 
there was a marked difference in the ocular sensitivity of the sample pairs 
and no difference in the cutaneous sensitivity. A further point in favor 
of ocular desensitization is the fact that, at the same time, the eyes of the 
previously untreated group showed a focal reaction to 0.1 cc. of tuberculin 
administered intracutaneously, while the eyes of the treated group showed 
no reaction to a similar dose. The results of the sensitivity tests at the 
end of the experiment are, however, not quite so clear. In the control 
group, instead of the usual gradual decline in ocular and cutaneous sen- 
sitivity found in preceding series of rabbits over the period of observation, 
there were a definite maintenance of the original cutaneous sensitivity 
and a decided increase in the ocular sensitivity. In this series of rabbits 
the course of the ocular tuberculosis had been unusually long and severe, 
which might well account for these findings. In the treated group, in 
which the ocular tuberculosis was controlled and less severe, the cutaneous 
sensitivity followed the usual course and declined to the usual low level 
at the end of the period of observation. The ocular sensitivity showed a 
proportionate decrease. 

Fitting these facts into a composite picture, we might assume that at 
the end of the fifth week of treatment, comparative desensitization of 
the eyes of the treated group had been obtained. Synchronously with 
this desensitization, the ocular inflammation was controlled, and there- 
after both the cutaneous and the ocular sensitivity followed the usual 
course and continued to decline. In the untreated control group, on 
the other hand, the ocular inflammation was uncontrolled, and indeed, 
from some undetermined cause, possibly a climatic change, the eyes 
underwent a severe exacerbation. There followed a long and severe 
ocular tuberculosis, and at the end of the period of observation many 
of the eyes were still actively inflamed and pronounced ocular and 
cutaneous sensitivity were still present. If this is the correct interpre- 
tation of the process, it is strong evidence in favor of selective ocular 
desensitization. On the other hand, in the treated group the ocular 
and the cutaneous sensitivity finally declined together under tuberculin 
treatment. If we ignore the evidence of the ocular observations made 
at the end of the fifth week of treatment, when injections of tuberculin 
and tests of sample pairs of rabbits indicated pronounced desensitization 
of the eyes of the treated rabbits, with no difference in the cutaneous 
reactivity, it may be argued that in the treated rabbits there was a general 
desensitization in which the eyes and the skin participated equally. All 
in all, however, considering the evidence obtained at the end of the 
fifth week and the final result, there is a strong suggestion that some 
selective desensitization of the eyes may have occurred. 


The final question is whether the clinical improvement shown by 
the treated rabbits can justly be attributed to the desensitization accom- 
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plished by the injections of tuberculin, It may be argued that improve- 
ment followed the focal reaction produced by the first injection of 
tuberculin and was therefore due to it, the final desensitization being 
only incidental. That this is not the case is clearly shown by the fact 
that the untreated rabbits showed equally severe focal reactions whe 
given a test intracutaneous dose of tuberculin. Thereafter, instead of a 
steady decline in the inflammation, the picture was essentially unchanged, 
and seven weeks later this group as a whole showed a severe exacerbation. 

The evidence in favor of desensitization as the actual cause of the 
clinical improvement may be summarized as follows: 1. The two groups 
were kept under identical conditions and subjected to identical treat- 
ment with the exception of the administration of tuberculin. 2. The 
two groups sustained equal focal reactions in the eyes, and therefore 
the clinical improvement in one group cannot be logically attributed 
to this factor. 3. The clinical improvement occurred synchronously 
with evidences of ocular desensitization. 4. There is no other known 
effect produced by injections of tuberculin to which the clinical improve- 
ment can be attributed. 


SUMMARY AND CONCLUSIONS 


Eighty immune-allergic rabbits were secondarily inoculated in one 
eye with virulent human tubercle bacilli. After tuberculous ocular dis- 
ease had appeared, the rabbits were divided into two groups with 
equally severe ocular lesions. One group was treated with tuberculin, 
and the second group was not treated. 

The treated group showed a prompt decline in the severity of the 
ocular lesions, the disease running a shorter and less severe course 
in this group than in the untreated group. 

There was definite evidence of desensitization to tuberculin in the 
treated group both during the course and at the end of the experiment. 

There is some suggestive evidence that selective desensitization of 
the eyes occurred early in the course of the treatment. 

The clinical improvement in the eyes appeared synchronously with 
the evidence of desensitization. A study of the results of the various 
tests for ocular and cutaneous sensitivity indicates that desensitization 
was the cause of the clinical improvement. 


Johns Hopkins Hospital. 
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DYNAMICS OF INTRACAPSULAR CATARACT 
EXTRACTION 


EXPERIMENTAL STUDIES WITH REFERENCE TO THE SUSPENSORY 
LIGAMENT, HANNOVER’S CANAL AND PETIT’S SPACE 


J. GOLDSMITH, M.D. 
NEW YORK 


With the growing popularity of intracapsular cataract extraction 
during the past two decades, few investigations, if any, have been made 
concerning the intricate anatomy of the structures in the anterior 
segment of the eye and the important role played by external and 
internal dynamic forces during this operative procedure. It has been 
the policy of some ophthalmic surgeons to throw discredit on the 
operation. Their conjectural remarks, so frequently offered, concerning 
the mechanical details of the operation have been based primarily on 
indirect reasoning. They claimed that a relatively large degree of 
trauma is inflicted on the eye during the delivery of the lens and that 
the eye undergoes deleterious changes which in time interfere with the 
patient’s vision. There has been no objective proof presented, and it 
appears that this line of thought is unfounded. The operation can be 
accomplished by a qualified surgeon with a certain degree of ease and 
with excellent visual results. 

It was during study of the zonular lamella of Berger’ that the 
idea was conceived of analyzing the internal and external dynamic 
factors of intracapsular cataract extraction by direct observation through 
the corneal microscope, and of presenting a method whereby one could 
study the effects of this procedure on the anatomic structures in the 
anterior segment of the eye. In this manner, a scientific approach was 
established in which immediately after operation one could observe 
fairly accurately the merits the operation possesses. 

The experiments to be reported are the first of their kind ever per- 
formed on human eyes. The aspiration method being employed, 59 
intracapsular cataract extractions were performed on eyes enucleated 
from cadavers four to six hours after death. The youngest person was 


From the Department of Ophthalmology, the Mount Sinai Hospital. 

Read before the Section on Ophthalmology at the Ninety-Third Annual 
Session of the American Medical Association, Atlantic City, N. J., June 11, 1942. 

1. Berger, E., cited by Busacca, A.: Ricerche sulla anatomia della regione 
equatoriale della capsula del cristallino e sulla lamella zonulare, Arch. ital. di anat. 
e di embriol. 27:276, 1929. 
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Fig. 1.—Sagittal section of a normal human eye (low power). L, lens; C, ; 
Hannover’s canal; P, Petit’s space; Z, zonular bundles; ZC, zonular cleft; B, base 
of the vitreous; O, ora serrata; Il’, vitreous fibrils; H, hyaloid membrane; /, iris. 
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Fig. 2—Sagittal view of Hannover’s canal (cat’s eye; X28). CP, ciliary . 

process and its base; AZM, anterior zonular membrane; PZM, posterior zonular 
membrane ; SC, summit of the canal; L, lens equator (base of canal); S, sclera. 
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38 years of age and the oldest 75. The details of the extraction 
were viewed through the corneal microscope from various aspects on 
differently prepared specimens. The experiments included additional 
studies on tumbling, with and without vitreous, and application of a hook 


externally at the limbus, cornea and sclera, etc. 




















Fig. 3.—Sagittal view of Hannover’s canal (human eye; Xx 12.5). L, lens; E 
equator; AZM, anterior zonular membrane; PZM, posterior zonular membrane; 
CP, ciliary process; C, cork rim; MP, metal prongs depressing the lens to illustrate 
the triangular arrangement of the canal. 


It was considered advisable to investigate the arrangement of the 
structures in the anterior segment of the eye. A normal human adult 
eye was fixed in solution of formaldehyde, run through the various 
alcohols and sectioned serially (sagittal, transverse and coronal planes). 
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Staining was done with Weigert’s stain, hematoxylin and eosin and Van 
Gieson’s stain. The best results were obtained with the last. Thus a 
comprehensive study of the entire zonula of Zinn, with all its intimate 
relationships, was made (fig. 1). 

Two human adult eyes with incipient lenticular changes which had 
undergone intracapsular extraction were also fixed, sectioned and 
stained with Van Gieson’s stain. The results of study of these sections 
will be published in full at a later date. For the present, it can be 
stated that the procedure produced a subminimal amount of trauma to 
the structures in the anterior segment of the eye, as shown by micro- 
scopic investigation. There was no evidence of a tear of the hyaloid 
membrane grossly or microscopically, and the ciliary epithelium in its 
entirety showed no effects of trauma. The base of the vitreous was 
intact in all the sections analyzed serially. 

Since a large portion of the suspensory ligament is involved in the 
formation of Hannover’s canal (figs. 2 and 3), it was necessary to study 
this ligament before proceeding to descriptions of the many experiments 
made on this most important canal. 

This paper will contain a study of the gross zonular apparatus and 
the anterior surface of the vitreous in the normal eye, followed by more 
elaborate studies of these structures in eyes undergoing intracapsular 
cataract extraction. Since these anatomic units and their relations are 
fairly constant in the normal eyeball, a proper understanding of them 
will enable the surgeon to appreciate more fully the actual changes 
which occur during the operative procedure. 


MACROSCOPIC STUDY OF THE SUSPENSORY LIGAMENT 


It is interesting to note that Zinn? gave credit in his book to Petit 
(fig. 4) as the first ophthalmologist to describe the zonular system, in 
1723. Petit’s describing the system was natural, since the zonula forms 
one of the boundaries of the canal of Petit, whose work preceded Zinn’s 
by thirty-two years. 

GROSS DESCRIPTION 


A fresh normal eye was sectioned into two parts through the 
equator; the posterior segment was discarded. With a fine pair of 
scissors the cornea and iris were removed. A decided resistance was 
encountered when the vitreous was detached from its base. The 
remaining anterior portion of the vitreous peeled away from the 
posterior zonular membrane and the posterior surface of the lens with 
relative ease except at the retroequatorial region of the lens, where a 
slight resistance was met. 


2. Zinn, J. G.: Descriptio anatomica oculi humani, Gottingen, A. Vanden- 
hoeck, 1755, p. 122. 
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Posterior Surface—The striking anatomic point here was the complete inde- 
pendence of the vitreous from the lens, on the one hand, and from the posterior 
zonular membrane, on the other. The vitreous plays no role in the gross or 
microscopic architecture of the zonular system.* This is an important practical 
point, especially with regard to intracapsular cataract extraction. The complete 
vitreous, with all its coverings, can easily be removed and the zonular apparatus 
left intact (fig. 5). This procedure was performed on 100 eyes (human and cat 
eyes). That the vitreous is independent of the zonula of Zinn is shown by (a) 
the nature of their gross and histologic arrangement, (b) the fact that, histo- 
chemically, each has different staining qualities and (c) the fact that embryo- 
logically they are separate systems. At the 85 to 100 mm. stage, one notices a 
condensation of the secondary vitreous which separates it from the zonular system 
anteriorly and which finally becomes complete at term.4 Looking from above 
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Fig. 4.—The frontispiece and page 122 of Zinn’s famous work, “Descriptio 
Anatomica Oculi Humani,” published in 1755.2 Zinn credited Petit with being 
the first to describe the zonular system, in 1726. 


downward, one can see the irregular line of the ora serrata, then the much 
darker zone of the orbiculus ciliaris, from which arise by one or two elevations 
the ciliary processes with their small ridges and valleys concentrically fixed about 
the lens, and, fitally, the posterior surface of the lens (fig. 144). The equator 


of the lens does not come in contact with the ciliary base, being separated from it 


oO 


y about 1 mm. The intervening area is the circumlental space and is occupied 
by the free portion of the zonular bundles. 


3. Egger, A.: Die Zonula Zinnii des Menschen nach Untersuchungen von 
Leichenaugen am Spaltlampenmikroskop, Arch. f. Ophth. 113:1, 1924. 


4. Mann, I. C.: Development of the Human Eye, New York, The Macmillan 
Company, 1928. 
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The first structure seen from the posterior aspect of the suspensory ligament 
is a fine transparent pellicle which commences at the posterior border of 
the orbiculus ciliaris and extends forward (covering the inner surface of the 
ciliary ‘body) as far as the equator of the lens. This membrane consists of a 
system of small cords seen as fine refractile bands, especially opposite the ciliary 























Fig. 5.—Posterior view of the anterior segment of a human eye. H, hyaloid 
membrane removed from the superior half of the lens (L); HC, Hannover’s canal 
injected with azur Il; ZB, zonular bundles stained blue, with the zonular system 
intact; /ZB, inferior zonular bundles seen as very faint bluish cords because of 
the intervening hyaloid membrane; S, sclera. 


elevations. These are the posterior zonular bundles. The union of these fibers 
into small cords is characteristic, and two to three of them are noticed for each 
fissure. The membrane is closely applied to the underneath layer at the level of 
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the pars plana, in the manner so well described by Schwalbe.5 Figure 6 illys- 
trates the tearing of the pigmentary layer when the membrane is removed. 
By imparting a tap to the lens, this membrane, which is in contact with the 
ciliary crests, wedges itself in between the ciliary fissures without going to its 
depths. 























Fig. 6.—Posterior aspect of the anterior segment of a human eye, showing the 
zonular membrane torn from the surface of the pars plana, taking with it the pig- 
ment epitheluim (PE, shown on a paper background) ; L, lens; ZB, zonular bundle; 
CP, ciliary process; S, sclera; PR, plastic rim. 


A unifying semisolid cement substance enmeshes the small zonular cords and 
transforms them into a continuous membrane, which is extremely thin and delicate 


5. Schwalbe, G. A.: Lehrbuch der Anatomie der Sinnesorgane, Erlangen, 


E. Beswold, 1887, 
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except in the portions reenforced by the zonular bundles (Beauvieux,® Gold- 
smith? Troncoso® and Kirby®). The presence of this membrane was verified 
by the examination of 50 human and 100 cats’ eyes. This finding convinces one 
beyond doubt of the existence of an agglutinated interfibrillar cement substance. 
The membrane, furthermore, shows no perforations. Topolanski,}° Czermak 1 
and Hocquart and Masson 12 denied the existence of this substance, but unfortu- 
nately they did not possess the corneal microscope to make the necessary obser- 
vations. Its demonstration is easy with stains and gross dissection. 

Anterior Surface.—After the removal of the cornea and the iris up to its base, 
another membrane can be seen analogous to the one observed posteriorly; this 
is formed by the anterior zonular bundles (fig. 164). The lateral walls of the 


tion from behind forward. The membrane is attached to the lens and lies in the 
interval between the tips of the ciliary processes and the equator of the lens. 
The posterior zonular leaf raises itself almost vertically, while the anterior zonular 
leaf directs itself obliquely upward and posteriorly to meet the posterior leaf at 
the junction of the posterior and middle thirds of the base of the ciliary processes. 
This membrane is transparent and affords a good view for the study of Han- 
nover’s canal (the space situated between the anterior and posterior zonular 
membranes). The anterior zonular fibers which are condensed into bands do not 
attain the thickness of the posterior zonular bands. As soon as the anterior 
zonular bundles reach the ciliary processes they proceed immediately into the 
depths of the valleys, without preference for the lateral walls. The anterior 
zonular leaf is a semipermeable membrane which separates Hannover’s canal from 
the prezonular space containing aqueous humor. 


RELATION OF THE HYALOiD MEMBRANE TO THE SUSPENSORY LIGAMENT 
AND THE LENS 


The hyaloid membrane is thin and transparent and stretches out over 
the whole of the anterior surface of the vitreous. It separates the 
vitreous from the suspensory ligament and the lens. On the anterior 
face there is a depression, the patellar fossa, and this is the nega- 
tive cast of the posterior surface of the lens. Running out from 
here to the shoulder of the vitreous, there are grooves corresponding to 
the ciliary processes. The vitreous is fixed most firmly to the ciliary 

6. Beauvieux: La zonule, Arch. d’opht. 39:410; 484, 1922. 

7. Goldsmith, J.: Slit Lamp Observations During Experimental Intracapsular 
Extraction of Cataract, Arch. Ophth. 22:792 (Nov.) 1939. 

8. Troncoso, M. U.: Microanatomy of the Eye with Slitlamp Microscope, 
Am. J. Ophth. 25:1, 1942. 

9. Kirby, D. B.: Procedures in Intracapsular Cataract Extraction: New 
Method, Am. J. Ophth. 25:269, 1942. 

10. Topolanski, A.: Ueber den Bau der Zonula und Umgebung, nebst Bemer- 
kungen iiber das albinotische Auge., Arch. f. Ophth. (pt. 1) 37:28, 1891. 

11. Czermak, W.: Zur Zonulafrage, Arch. f. Ophth. (pt. 1) 31:79, 1885. 

12. Hocquart, E., and Masson, A.: Etudes sur les rapports, la forme et le 
mode de suspension du cristallin a l'état physiologique, Arch. d’opht. 3:97, 1883. 








388 ARCHIVES OF OPHTHALMOLOGY 


epithelium in a zone some 1.5 mm. broad immediately adjacent to the 
ora serrata. This zone is called the base of the vitreous, and its sig- 
nificance other than a purely anatomic one is important. 

A further although considerably weaker line of adherence to the lens 
occurs in the form of a ring 8 to 9 mm. in diameter. This represents the 














Fig. 7—The vitreous detached completely from the anterior segment (low 
power view of a sagittal section, embedded in paraffin, of a normal human eye). 
R, retina; O, ora serrata; B, base of the vitreous; V, vitreous fibrils; P, pigment 
epithelium (ciliary body). No zonular fibers are present. 


questionable ligamentum hyaloideocapsulare of Wieger.** Elsewhere the 
vitreous is in direct contact with the posterior surface of the lens. 


13. Wieger, G.: Ueber den Canalis Petiti und ein “Ligamentum hyaloideo- 
capsulare,” Strassburg, J. H. E. Heitz, 1883. 
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In 1893 Berger ** stated that the suspensory ligament has nothing 
to do with the hyaloid membrane. Recent investigations with the high 
power slit lamp and gross dissections have substantiated this conception. 
The entire vitreous was detached, the zonular apparatus being left 
intact. The anterior border layer of the vitreous was stained with azur 








kd 














Fig. 8—High power view of the base of the vitreous shown in figure 7. P, 
pigment epithelium (ciliary body); B, base of the vitreous; V’, vitreous fibrils; 
QO, ora serrata. No zonular fibers are present. 


II, and no zonular bundles were found. Absence of zonular bundles 
from the hyaloid membrane was also demonstrated after intracapsular 





14. Berger, E.: Anatomie normale et pathologique de l'oeil, ed. 2. Paris. 
O. Doin, 1893, p. 195. 
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cataract extractions. This observation is gross proof of the absolute 
separateness of the hyaloid membrane from the zonular apparatus and of 
the existence of a potential space (Petit’s space) between the posterior 
zonular membrane and the hyaloid membrane. 
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Fig. 9—The anterior segment after complete removal of the vitreous (low 
power view of a sagittal section embedded in celloidin). The suspensory ligament 
is intact; the cornea and iris (J), removed. JL, lens; C, Hannover’s canal; 4, 
anterior zonular bundles; P, posterior zonular bundles; Z, zonular fibers on the 
pars plana; 7, a tear in the pigment epithelium. 


The complete independence of the suspensory ligament from the 


hyaloid membrane can also be shown clearly by means of microsconic 
sections. After the anterior half of the vitreous had been detached com- 
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pletely from a normal human eye, it was embedded in paraffin and 
sectioned serially. No zonular fibers were found in any of the prepared 
slides (figs. 7 and 8). The remaining half of the anterior segment was 
embedded in celloidin and also cut serially. The sections revealed the 




















Fig. 10—High power view of the circumlental space shown in figure 9. L, 
lens; P, posterior zonular bundles; A, anterior zonular bundles; E, equatorial 
zonular bundles; C, Hannover’s canal; CP, ciliary processes. 


intactness of the suspensory ligament (figs. 9, 10 and 11). This recent 
microscopic evidence confirms the gross findings and is added proof that 
there are no zonular fibers in the anterior border layer of the vitreous. 
This anatomic fact must not be overlooked, because of its importance 
in intracapsular surgical procedures. 




















Fig. 11—High power view of the anterior segment after complete removal of 
the vitreous, shown in coronal section through the middle of the ciliary processes 
(CP). Z, zonular bundles in the ciliary valleys; L, lens 





Fig. 12.—A_ glass-constructed cannula whose measurements and angulations 


resemble those of Barraquer’s eresiphake. 
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STUDIES DURING EXPERIMENTAL INTRACAPSULAR 
CATARACT EXTRACTIONS? 

In the beginning of the studies, it was decided to use a glass-con- 
structed cannula which had approximately the same measurements as 
Barraquer’s instrument *° (fig. 12). This made use of the principle of 
ordinary water suction. Since then the Dimitry cataract suction disk 
(fig. 13) has been employed, with satisfactory results. To maintain 

















____ a 





Fig. 13.—Dimitry’s cataract suction disk. The tip of this instrument in con- 
junction with water suction gave excellent results in the experiments. 


stability of the prepared enucleated eyeball during the experiments, it 
was necessary to prepare a circular rim, 28 mm. in diameter, from plastic 
material. The eyeball was sutured firmly to the rim by means of the 
four rectus muscles. The whole was then placed into the prepared 
groove of a cork base which had been attached securely to the chin rest of 
a slit lamp. 





15. Barraquer, I. B., cited by Harrison, W. J.: The Barraquer Operation for 
the Removal of Senile Cataract, Am. J. Ophth. 15:104, 1932. 
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All the experimental intracapsular extractions reported on in the 
following sections were observed through the corneal microscope after 
‘the prepared eyeball was attached in the manner described. By means of 
this procedure, the mechanical details of the operation and the effects 
on the anatomic structures in the anterior segment of the eye were 
viewed. A modified Barraquer technic without tumbling of the lens was 
employed for all the extractions reported in sections A, B, C and D, 
Sections E and F deal primarily with tumbling. 

The descriptions to follow will be divided into six sections, each 
section embracing a different study. Figures 14, 16, 17, 18 and 20 
demonstrate the successive steps of an intracapsular extraction from 
various aspects. Owing to photographic difficulties, poor stereopsis and 
fineness of structure, it was impossible to illustrate clearly the many 
fine detailed changes which occurred during the procedure. 


SECTION A: POSTERIOR VIEW WITH VITREOUS REMOVED 


Aiter a freshly enucleated human eyeball had been sectioned through the 
equator, the entire vitreous body was removed. A pronounced degree of resis- 
tance was encountered at the base of the vitreous and much less resistance when 
the vitreous was separated from the posterior lens capsule. The cornea and iris 
were completely removed. The anterior segment was mounted in the manner 
previously described, so that the posterior view of the anterior segment was 
visible (fig. 14). 

The Dimitry cataract suction disk was applied a little above the center of 
the anterior lens capsule. The lens was drawn forward and upward with side 
to side movements, the anterior and posterior zonular bundles being placed under 
tension. The stretching of the bundles was clearly seen from 4 to 8 o'clock. 
The ciliary processes from 10 to 2 o’clock, which were straddled by the zonular 
membranes, shifted with the immediately adjacent structures forward and side- 
ways with each horizontal excursion of the Dimitry disk. Below, the ciliary 
processes and the anterior part of the orbiculus ciliaris were pulled forward and 
upward. 

When the traction on the lens was released, the ciliary processes resumed 
their former shapes, and several rents were seen in the zonular membranes at 
5, 7, 11, 12 and 1 o’clock. These rents represented the ruptured zonular bundles 
and tears in the surrounding interfibrillar cement substance. In similar experi- 
ments tears were noted in different places at the same stage of the procedure. 
This probably signifies that there are other factors to be considered, such as (1) 
varying strength of the zonular bundles and (2) type of operative procedure 
employed. When greater traction was resumed, the same picture was produced 
but with more evident pull on all the structures concerned. Some of the inferior 
zonular bundles were stretched as much as 4 mm. before they commenced to 
rupture. With the lens midway in delivery, the inferolateral and lateral zonular 
bundles were stretched to their maximum in a straight line, and the breaking 
occurred nearer to their lenticular attachment. This observation was noted by the 
following method: A dilute solution of azure II was injected into Hannover’s 
canal and the extraction viewed by transillumination. The traction pull was 
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Fig. 14—Successive steps of an experimental intracapsular cataract extraction 
by aspiration (posterior view). The vitreous, cornea and iris were removed. The 
fine details as observed through the microscope with a slit lamp (described in 
sections A, B, C and D) are not clearly defined in these photographs because of 
low magnification, fineness and transparency of the structures and poor stereopsis. 
The pictures are enlargements of prints taken with a Leica camera. In view 
A, N indicates the nasal side; 7, the temporal side; C, the cork rim; E, the 
equator; OS, the ora serrata; OC, the orbiculus ciliaris; COR, the corona ciliaris; 
CL, the circumlental space occupied by the anterior and posterior zonular 
membranes, and L, the posterior surface of the lens. In view B, C is the glass 
cannula applied to the anterior lens capsule. There is traction on the lateral 
zonular fibers and ciliary processes. The ciliary processes superiorly are pulled 
forward and upward. H indicates a hole in the zonular membranes. In view 
C, ZF indicates intact inferior zonular fibers with adhering agglutinated sub- 
stance. Temporal ciliary valleys are occupied by retracted zonular membranes. 


In view D, the superior and superolateral ciliary processes show a definite strain, 
with resulting distortion. 
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transferred later in the extraction to the remaining intact superior and supero- 
lateral zonular bundles. 

The zonular bundles broke and the interfibrillar cement substance tore grad. 
ually but constantly from the beginning to the end of the extraction (fig. 15), 
As soon as the bundles broke, there was a quick recoil of the ruptured ends jn 




















Fig. 15.—A posterior view of a human eye taken through a corneal micro- 
scope (X32). Tearing of the zonular bundles (ZB) with their agglutinated 
cement substance (ACS) is clearly illustrated. HC, Hannover’s canal; L, lens; 
CP, ciliary process. 


opposite directions (comparable to that in the severing of a stretched elastic). 
One end was pulled toward the posterior ciliary valley and the other end onto 
the lens proper in the region of its attachment. One could plainly see the torn 
agglutinated cement substance adhering to the individual zonular bundles. 
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When the lens was completely delivered, the remaining structures resumed 
their former shapes and positions with the exception of the superior half of the 
circumference. Here the moderately curved ciliary processes and the correspond- 
ing adjacent parts of the orbiculus ciliaris were drawn slightly forward from 
the underlying sclera. By teasing with a fine needle the surfaces of the ciliary 
valleys, the lateral borders of the ciliary processes, the anterior portion of the 
orbiculus ciliaris and the preequatorial and retroequatorial regions of the lens, 
one could pick up the severed zonular bundles and remnants of the semisolid 
substance and demonstrate them easily. 


SECTION B: ANTERIOR VIEW WITH VITREOUS REMOVED 


The eye was prepared exactly in the manner described in section A and 
mounted so that the anterior view was available for study (fig. 16). The demon- 
stration of the anterior two thirds of the base of the superior and of the supero- 
lateral ciliary processes being drawn forward and straddled by the tense zonular 
membranes was unusually interesting from this view. During the extraction it 
was noticed that the superior zonular bundles were curved over the iris root and 
the ciliary ridges. These two structures formed a resistance bar which facilitated 
early rupture of the superior zonular bundles. The inferior and inferolateral 
zonular bundles reached their maximal limit of stretching before they commenced 
to tear. By injection of Hannover’s canal in the manner described in section A 
and study of the extraction by transillumination, the rupturing of the zonular 
bundles closer to their lenticular insertion was again visualized. The anterior 


view was presented to supplement the posterior view described in the previous 
section. 


SECTION C: POSTERIOR VIEW WITH ANTERIOR BORDER LAYER 
OF VITREOUS INTACT 

The structures in the anterior segment appeared smaller and distorted after 
the vitreous body had been sectioned through the equator. This was natural, 
since the posterior portion of the remaining half of the vitreous would form an 
irregular concavity which would act as a myopic cylindric lens (fig. 17). 

The lens and a corresponding area in the hyaloid membrane were drawn for- 
ward after the Dimitry disk had been applied. The surrounding hyaloid mem- 
brane followed more slowly. A grayish black concentric ring was noted at the 
retroequatorial region of the lens. This corresponded to Egger’s line, the outer- 
most circle of contact between the hyaloid membrane and the posterior lens 
capsule. The posterior zonular bundles were seen indistinctly because of the 
intervening hyaloid membrane, and evidence of their stretching and tearing on 
the anterior surface of this membrane was noted inferiorly. Superiorly, the hya- 
loid membrane was placed under greater tension with the rising lens. This fact 
was indicated by the following signs: 1. The hyaloid membrane wedged itself 
in between the ciliary fissures without going to their depths. 2. An indentation 
of the membrane was present between the ciliary ridges and the rising portion 
of the membrane which was still attached to the posterior lens capsule. 

The tension which resulted from the increased stretching of the hyaloid mem- 
brane and the zonular bundles was usually transmitted backward along the inner 
surface of the ciliary body. The aforementioned traction, plus the possible transu- 
dation of serum from the relaxed choroidal blood vessels in the suprachoroidal 
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space, was usually sufficient to cause a partial detachment of the ciliary body 
(section A). In order to appreciate this change, it must be remembered that the 
outer surfaces of the ciliary body and the anterior portion of the choroid are 
loosely attached to the sclera by delicate, long thin suprachoroidal lamellas. Con- 
sequently, in these areas direct attachment of the ciliary body and the choroid 


























Fig. 16—Successive steps of an experimental intracapsular extraction by 
aspiration (anterior view). The vitreous, cornea and iris were removed. In view 
A, N indicates the nasal side; 7, the temporal side; C, the cannula, CR, the cork 
rim; S, the cut edge of the sclera; CR, the ciliary ridge; CL, the circumlental 
space occupied by the zonular membranes, and L, the anterior surface of the lens. 
Views B and C demonstrate stretching and rupturing of individual zonular fibers. 
Many holes are visible. The ciliary ridges superiorly project forward and upward. 
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Fig. 17.—Successive steps of an experimental intracapsular extraction by 
aspiration, with the anterior surface of the vitreous intact (posterior view). The 
cornea and iris were removed. In view A, N indicates the nasal side; 7, the 
temporal side; CR, the cork rim; S, the cut edge of the sclera; /’, the anterior 
surface of the vitreous; CP, the ciliary processes; H, a highlight, and L, the 
posterior surface of the lens. In view B, the ciliary processes and the hyaloid 
membrane (H.1/) superiorly are lifted upward and forward. The membrane above 
is indented between the rising lens and the ciliary ridge. The zonular fibers are 
rupturing below. In view C, many inferior zonular fibers are ruptured. With 
gradual separation of the lens, the traction on the superior ciliary processes and 
the hyaloid membrane diminishes. The hyaloid membrane is seen clearly with its 
irregular, grayish, condensed lamellas (L). In view D, the lens has been delivered. 
H indicates a large highlight on the hyaloid membrane. The superior ciliary 
ridges point forward and upward. 
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to the sclera is almost negligible.16 Since the zonular fibers arise from the entire 
surface of the orbiculus ciliaris, any moderate degree of traction on it should 
be sufficient to detach the ciliary body from the sclera. This picture was duplicated 
in the majority of the extractions performed in the experiments. 

When the extraction was almost completed, the superior indentation and the 
impressions of the ciliary fissures in the hyaloid membrane became less and less 
accentuated, because of the gradual separation and retraction of the membrane 
from the posterior lens capsule from above downward. At this stage, all the 
zonular bundles had ruptured inferiorly and laterally. At the end of the extrac- 
tion the hyaloid membrane occupied the space immediately behind the iris. 


SECTION D: ANTERIOR VIEW WITH VITREOUS INTACT 


During the extraction of the lens, an added resistance could be felt other than 
that offered by the anterior and posterior zonular bundles (fig. 18). As the 
hyaloid membrane was hidden by the presenting lens, one could study it inferiorly 
only after several holes had been produced in the anterior and posterior zonular 
membranes. 

The hyaloid membrane separated from the posterior zonular membrane with 
greater facility than it did from the posterior lens capsule, possibly because air 
and dyes had been injected separately between the hyaloid membrane and the 
posterior surface of the zonular system. In previous experiments, it appeared 
as though fine fibers were rupturing between the two surfaces during the extrac- 
tion, but recent studies have shown that the process was the breaking up of fluid 
droplets into smaller ones. 

The following experiment was performed to furnish further proof of a definite 
resistance offered by the hyaloid membrane during intracapsular cataract extrac- 
tion: The anterior and posterior zonular bundles were cut through concentrically 
without disturbing the lens in the patellar fossa, and an attempt was made to 
remove the lens by drawing it directly forward in the axis of the eyeball. A 
decided resistance was felt even though the lens had its zonular bundles detached 
completely. In removal of the lens in this manner the separation occurred slowly. 
The patellar fossa, which was concave, became convex (herniated), and thus the 
separation of the hyaloid membrane was effected concentrically from the equator 
of the lens. 

The lens was held in the patellar fossa mainly by negative pressure and 
partially by the questionable ligamentum hyaloideocapsulare. When an attempt 
was made to deliver the lens tangentially, it separated easily from the hyaloid 
membrane. The separation occurred as soon as part of the ligamentum hyaloideo- 
capsulare ruptured, requiring only a slight degree of traction. It was followed 
by entrance of atmospheric pressure between the hyaloid membrane and _ the 
posterior lens capsule, which resulted in neutralization of the negative pressure 
which had existed there. This mechanism facilitated further separation of the 
two remaining surfaces up to completion of the intracapsular extraction. The 
dynamics outlined can be demonstrated by using a + 14.00 D. spherical lens and 
a corresponding myopic lens whose curvatures of contact coincide exactly. 

With the extraction of the lens complete, the hyaloid membrane became entirely 
visible. A large depression was noted which corresponded to the patellar fossa. 
In several experiments, a herniation of the membrane was found instead of the 


16. Hagen, S.: Die serése postoperative choroidical Ablésung und ihre Patho- 
genese, Klin. Monatsbl. f. Augenh. 66:161, 1921. Fuchs, E.: Ablésung der 
Aderhaut nach Operation, Arch. f. Ophth. 53:375, 1901. 
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usual depression. Many light grayish bands were visible in the membrane, some 
assuming linear configurations of varying sizes, while others appeared circular. 
This was a characteristic tendency assumed by the superficial lamellas of the 
anterior border layer of the vitreous. The hyaloid membrane was thin and trans- 
parent and offered an elastic resistance to applied force. When the intravitreous 




















Fig. 18.—Successive steps of an experimental intracapsular extraction by aspi- 
ration (anterior view). The cornea and iris were the only structures removed. 
In view A, CR indicates the cork rim; S, the cut edge of the sclera; C, the can- 
nula; Cr, the ciliary ridges, and L, the anterior lens capsule. Stretching of the 
zonular membranes is demonstrated. In view B, many inferior zonular fibers have 
ruptured. In view C, the hyaloid membrane is indented above but is still adherent 
to the inferior part of the posterior lens capsule. The ciliary ridges are project- 
ing forward and upward. In view D, a highlight (H) is shown in the depth of the 
fossa patellaris. The lens has been delivered. 
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pressure was increased (pressure on the sclera posteriorly), the anterior part of 
the vitreous bulged forward in a conelike projection. No vitreous humor was 
expressed during the manipulation. When the pressure was released posteriorly, 
the conelike projection disappeared, and the concavity of the patellar fossa was 
resumed. If a tear was made in the hyaloid membrane and pressure then applied, 
the vitreous humor flowed freely from the site of the tear. The hyaloid mem- 




















Fig. 19—The anterior lens capsule (ALC) ruptured during the intracapsular 
extraction in this human eye. The operation was continued as an extracapsular 
extraction by peeling away of the capsular remains (CR) from the hyaloid mem- 
brane (#7) with a capsule forceps (CF). S, sclera. 


brane was torn easily when punctured, and the edges of the wound gaped because 


of the inherent retractility of the membrane.17 In the majority of the expert- 





17. Csillag, F.: Dynamische Faktoren bei den intrakapsuliren Starextraktion 
(nach Experimenten), Ztschr. f. Augenh. 91:158, 1937. 
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ments, the rim of the hyaloid membrane adjacent to the fossa occupied the space 
immediately behind the iris. The anterior lens capsule was made to rupture 
during the course of an intracapsular cataract extraction. The nucleus and most 
of the free cortex were aspirated at this time. By grasping the capsule of the 
lens at the equator, it was possible to peel away slowly the entire capsule from 
the hyaloid membrane without producing any trauma to this structure (fig. 19). 


SECTION E: TUMBLING WITH VITREOUS REMOVED (POSTERIOR VIEW) 


A fresh human eyeball was prepared in the following manner: The eye was 
severed at the equator and the posterior segment discarded. The inferior half of 
the cornea was retained, and the remaining half was removed with the complete 
iris. The eye was mounted and studied from a posterior view. Several experi- 
ments were performed with the vitreous intact and several others after the entire 
vitreous had been removed. 

After the Arruga forceps had been applied to the anterior lens capsule below, 
a tear was visualized in the anterior zonular membrane. The force with which 
the anterior lens capsule was grasped was unusually greater, since the vitreous 
had been removed (fig. 20). A hook was now pressed against the sclera 1.5 mm. 
from the limbus inferiorly, and several curvilinear excursions to and fro approxi- 
mating the limbal curvature were made. This procedure was followed by further 
rupture of the inferior zonular membranes. The Arruga forceps was gradually 
drawn forward and upward, so that the lens was made to rotate on its horizontal 
axis. The hook, which was exerting its pressure first on the free lens equator 
inferiorly, soon was directing its force on the retroequatorial region of the lens. 
The traction with the forceps at this stage was negligible, while the pressure with 
the hook below supplied most of the force. As the pressure of the hook became 
relatively greater, the lens was rotated and dislocated further upward, the result 
being marked stretching and rupturing of the inferolateral zonular bundles. During 
rotation of the lens midway in delivery, a characteristic picture was observed. 
The anterior and posterior zonular membranes were twisted on themselves so 
that the anterior zonular membrane occupied a posterior plane and the posterior 
zonular membrane an anterior plane. Since the entire lens was constantly being 
subluxated and rotated upward, the twisting of the zonular bundles on themselves 
became more evident in the lateral and superolateral regions. Tumbling always 
superimposed additional traction on the lateral zonular bundles, which had already 
been greatly stretched, resulting eventually in a more rapid tearing of the zonular 
bundles. 

When the delivery was almost complete, the posterior surface of the lens faced 
the cornea and the anterior surface occupied a posterior plane. The remaining 
anterior and posterior zonular bundles, superiorly, demonstrated a complete reversal 
of their relative positions and ruptured with the delivery of the lens. 

If tumbling of the lens was the operation of choice, it was unnecessary to 
rupture the anterior zonular membrane above at the beginning of the operation, 
since it acted as an added protection against prolapse of the vitreous during the 
course of the procedure. 


SECTION F: TUMBLING WITH VITREOUS INTACT 
(POSTERIOR VIEW) 

A fresh human eye was prepared in the manner described in the previous 
section, the vitreous being left intact. The mechanism of tumbling was repeated 
with the hyaloid membrane acting as a cushion for the rotating lens. The rup- 
turing of the zonular bundles was seen with difficulty because of the intervening 




















Fig. 20.—Successive steps of an intracapsular extraction employing tumbling 
with external pressure on the scleral surface inferiorly. The vitreous, iris and 
superior half of cornea were removed. In view A, the inferior zonular mem- 
brances (JZM) have ruptured. The superior ciliary processes (SCP) are under 
tension. In view B, the lens (L) has rotated on its horizontal axis and is slightly 
subluxated upward. The lateral zonular bundles (LZB) have twisted on them- 
selves. In view C, the lens is in a horizontal plane. The lens equator (LE) is 
shown. Pressure on the cornea (C) is seen. In view D, the lens is completely 
delivered and the tension relieved. 
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hyaloid membrane. The separation of the posterior lens capsule from the patellar 
fossa (anterior border layer of the vitreous) began inferiorly and took place in 
a tangential plane. Further tumbling of the lens was effected by pressure from 
below until final delivery. The hyaloid membrane later was examined with the 
high power corneal microscope for zonular bundles, but no traces of them were 
found even after staining with azure II. 


APPLICATION OF EXTERNAL FORCE DURING INTRA- 
CAPSULAR CATARACT EXTRACTION 


The usual procedure of applying a hook to the inferior region of the 
cornea after sectioning merits attention at present. 


A fresh human eyeball was sectioned at the equator and mounted into a 
circular plastic rim in the manner described previously. The posterior segment, 
cornea, iris and anterior portion of the vitreous were discarded. A series of 
studies was made with the corneal microscope and the specimen viewed posteriorly 
by transillumination. 

Force was applied at three sites, namely: (a) the limbus, (b) 2 mm. from 
the limbus on the scleral side and (c) 1 mm. from the limbus on the corneal 
surface. The force was exerted either directly backward at one point or along 
a horizontal curvilinear course paralleling the limbal curvature. 


I. APPLICATION OF SINGLE POINT PRESSURE AT EITHER 
LIMBUS OR CORNEAL SURFACE 


When the hook was placed on the limbus or on the corneal surface (fig. 21) 
the force was transmitted chiefly to the anterior zonular membrane and slightly 
to the posterior zonular membrane in the circumlental space between the ciliary 
ridges and the equator of the lens. The anterior zonular bundles, with their 
adhering interfibrillar substance, at the point of pressure were bent backward to 
a more posterior plane. The force on the remaining portion of the anterior 
zonular membrane to each side gradually diminished. The counterpressure was 
furnished by the inherent tautness of the anterior and posterior zonular bundles. 
An occasional tear was seen in the agglutinated substance of the anterior zonular 
membrane, and few, if any, of the anterior zonular bundles had ruptured after 
the pressure had been released from the limbus. 


II. APPLICATION OF SINGLE POINT PRESSURE ON SCLERAL SURFACE 


A different picture was unfolded when the hook was applied on the scleral 
surface (fig. 22). The free extremities of the ciliary ridges were pressed against 
the equator of the lens. The anterior and posterior zonular membranes, with 
their incorporated zonular bundles, were displaced posteriorly and laterally. The 
mechanics of the lateral displacement can be explained by the following anatomic 
arrangement: The anterior and posterior zonular bundles found along the lateral 
walls of the ciliary processes and near the floors of the ciliary valleys traverse 
the circumlental space to insert onto the lens equator, which is a fixed area. 
Since the scleral pressure was exerted primarily on the ciliary processes, with 
their zonular bundles, it naturally followed that these bundles were made to rotate 
about their fixed points on the lens equator. In this manner, the bundles were 
displaced obliquely as much as 80 to 90 degrees. Hence, there was a greater 
tendency for the zonular bundles to rupture in this type of hook application, since 
two factors were at work, a backward and a lateral displacement imparting a 
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greater stretch to the zonular bundles. 


The counter resistance was supplied by 
the lens equator. 


When sufficient pressure was employed in these experiments 
. - . . ~ . ~ ’ 
it was found that the anterior interfibrillar cement substance tore first and then 
the anterior zonular bundles, which always ruptured before the posterior bundles 


IIT. HORIZONTAL CURVILINEAR PRESSURE CONCENTRIC WITH 
LIMBAL CURVE ( WITH AND WITHOUT VITREOUS ) 


Instead of pressure being exerted at one fixed point, the hook was drawn 
across the sclera 2 mm. from the limbus inferiorly, in a horizontal curvilinear 























Fig. 21.—Posterior view of a human eye with a muscle hook applied to the 
limbus at 6 o'clock anteriorly. Since pressure was exerted between the lens 
equator (LE) and the ciliary ridges (CR), a widening of the circumlental space 
(CL) was effected. Little stretching of the zonular membranes (7M) occurred. 


plane paralleling the limbal curvature. This application of force created a 
characteristic peristaltic wave, which was formed by the ciliary ridges (with their 
bundles) moving against the lens equator from the constant shifting of pressure 
from one area to another. As soon as the hook was moved along its curvilinear 
course, the ciliary ridges of the succeeding sector were depressed and displaced 
laterally onto the lens equator. The ciliary ridges of the preceding sector recoiled 
rapidly in an opposite direction, which was upward and forward. This displace- 
ment of the zonular bundles with their agglutinated substance through such a 
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wide angle, plus a continually shifting force (side to side excursions), was suffi- 
cient to initiate an early rupture, first of the interfibrillar cuticle and later of the 
majority of the anterior zonular bundles inferiorly. This brought the lens equator 
into view and the attached posterior zonular membrane, which had several of its 
bundles ruptured. 

















22.—Posterior view of a human eye with a hook applied to the sclera 


(2 mm. from the limbus) in the 6 o'clock meridian, The ciliary ridges (CR) 
were pressed against the lens equator (LE), displacing the zonular bundles (ZB) 
posteriorly and laterally. The circumlental space (CL) was obliterated. The 
pressure was sufficient to rupture the inferior zonular bundles (JZB). L, lens. 


Fig. 


If the direction of the sustained pressure now employed was posterior and 
upward, a tearing of the posterior zonular membrane followed. This immediately 
produced an upward subluxation of the lens. The pressure applied was not 
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entirely posterior, since such pressure invariably raised the intravitreous pres- 
sure to such a degree that it was followed by a tear of the hyaloid membrane 
with loss of vitreous. When this procedure was coupled with application of the 
Arruga forceps, the delivery of the lens took place with greater facility. 

There are some surgeons who believe that complete delivery of the lens 
(without tumbling and traction) is possible with pressure alone. There have been 
cases reported in which the lens was delivered favorably with this type of opera- 
tive procedure. Fortunately, the surgeon was aided by other factors, such as (1) 
previous subluxation of the lens superiorly and (2) early rupture of the superior 
zonular bundles. 


When an intracapsular cataract extraction was performed with inferior pres- 
sure alone and without tumbling, the following picture was observed: When the 
inferior zonular bundles had ruptured, the lens was subluxated slightly in an 
upward direction. The adjacent attached zonular bundles were gradually stretched 
and torn by the sustained pressure from below. The superior part of the lens 
was still held by its zonular attachments and was situated in a posterior plane 
because it was rotated on its horizontal axis. The iris and its sphincter prevented 
anterior displacement of the superior portion of the lens. In order to overcome 
the resistance of these two factors, a much greater pressure had to be exerted 
on the inferior portion of the vitreous body, which invariably led to prolapse and 
loss of vitreous. This type of operative procedure should be avoided, since 
its consequences were shown to be disastrous in a number of the experiments. 


HANNOVER’S CANAL 

The opinion has been generally held that the suspensory ligament is 
a system of fenestrated cords without any substance binding them 
together into a true membrane and that the aqueous humor circulates 
freely from the prezonular region of the posterior chamber to the circum- 
lental space between the zonular bundles. The very existence of Han- 
nover’s canal is still doubted by many authorities today. Since no 
experimental work had been done on this subject in the United States 
prior to 1937, I decided to acquaint myself with the zonular system so 
that I could better appreciate the true anatomic status of this region 
of the eye. The following studies to be described provide definite 
proof of the existence of Hannover’s canal. The condensed, agglutinated 
cement substance which transforms the zonular bundles into a continuous 
membrane, anteriorly as well as posteriorly, will be clearly illustrated. 
Fortunately, all the experiments were performed on eyes obtained from 
cadavers three to four hours after death. 

Since Hannover,’* in 1852, insufflated air into the space between 
the anterior and the posterior zonular fibers surrounding the lens 
equator, this space has been designated Hannover’s canal. A number 
of textbooks have referred to it as Petit’s canal. This reference is 
apparently erroneous, since the term Petit’s canal was applied to that 





18. Hannover, A.: Das Auge: Beitrage zur Anatomie, Physiologie und Patho- 
logie dieses Organs, Leipzig, L. Boss, 1852. 
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space which is situated between the posterior zonular membrane and the 
hvaloid membrane. Hannover’s canal is again brought to the attention 
of oculists for the following reasons: 


1. Changes in the colloidal chemistry of the contents of the canal may 
possibly play an important role in the formation of cataract. 


2. The canal is important in intracapsular cataract extraction. 


3. The canal probably harbors pathologic conditions of which 
ophthalmologists are in complete ignorance today. 

Hannover’s canal (figs. 2 and 3), which is situated in the ciliolentic- 
ular space, is an enclosed cavity circumferentially complete about the 
lens. It is bounded anteriorly by the anterior zonular membrane and 
posteriorly by the posterior zonular membrane; the summit is formed 
by the joining of the two membranes opposite the junction of the middle 
and posterior thirds of the ciliary processes and the base by the equator 
of the lens. In order to study this canal a human eye was prepared in 
the following manner : 


The cornea and iris were removed. The eyeball was then severed through the 
equator, and the posterior segment, with the entire vitreous, discarded. The 
posterior boundary of Hannover’s canal remained intact. Great care was exer- 
cised in this manipulation because of the delicate nature of the zonula of Zinn. 
The slightest unnecessary trauma was sufficient to destroy this fragile structure, 
thus rendering it unfit for experimental studies. The anterior segment was 
sutured to a circular plastic ring by means of the remaining stumps of the 
rectus muscles. The preparation was fixed firmly into the chin rest of a slit lamp 
with the aid of a cork base. This method facilitated easy handling and an 
excellent direct view of the specimen to be studied. 


EXPERIMENTS 


A—To demonstrate the closed circular space about the equator of the lens, 
various dyes (Mallory blue, picrocarmine, carbolfuchsin and azur II) were 
injected separately through the smallest hypodermic needle. When the needle 
passed through either the anterior or the posterior zonular membrane, a slight 
resistance could be felt. The insertion of the needle was parallel to the lens 
equator, thus assuring true entrance into the canal space. This procedure was 
performed under the guidance of the corneal microscope, since the structures 
were too small to be viewed grossly. As soon as several drops of the dye was 
released, one could visualize the circular path it followed about the lens. During 
the procedure not one drop of fluid was lost through either the anterior or the 
posterior zonular membrane. Since the volume of Hannover’s canal was increased, 
a slight distention of the walls took place. Some interesting pictures were 
obtained with the various dyes employed. When a dilute solution of azure II 
was injected into the canal, characteristic staining of the suspensory ligament 
took place. The stained structures were clearly discernible with the corneal 
microscope, as follows: 

1: The anterior zonular bundles took a deep blue stain. They were fine and 
numerous and were somewhat regularly placed in relation to the ciliary valleys. 
They appeared straight and taut and went to the posterior third of the ciliary 
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valley, where they soon became lost to direct observation. If a small hole was 
previously made in the anterior zonular membrane, several planes to the anterior 
zonular bundles could be seen. No natural perforations were seen in either the 
anterior or the posterior zonular membrane. The interfibrillar cement substance 
remained resistant to the various dyes in all the experiments. This explains its 
absence in microscopic sections. It was this unifying agglutinating cement sub- 




















Fig. 23.—A constructed model of the suspensory ligament, posterior aspect. 
CH, choroid; PP, pars plana; CC, corona, ciliaris; ZB, zonular bundles; L, lens. 


stance which transformed the anterior and posterior zonular bundles into con- 
tinuous membranes which were circumferentially complete about the lens. 

If a concentrated solution of azure II was injected, a deep blue circular ring 
appeared about the lens equator, which in turn delineated the boundaries of 
Hannover’s canal. With careful dilution of the contents of the canal with physio- 
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logic solution of sodium chloride, the blue coloration disappeared completely from 
the canal except for the deep blue staining of the zonular bundles. 

2: The posterior zonular bundles stained similarly with azure II. These 
bundles were less numerous but slightly larger than the anterior zonular bundles. 
They lifted themselves almost in a straight line to meet the obliquely coursing 
anterior bundles at the junction of the anterior two thirds and the posterior third 
of the base of the ciliary processes. The formation of the posterior zonular leaf 











L 








Fig. 24—A model similar to that shown in figure 23 but viewed from a 
lateral aspect. The relation of the zonular system to the anterior border layer 
of the vitreous (H, hyaloid membrane) is shown. B, base of the vitreous; C, 
Hannover’s canal; P, Petit’s space; A, anterior zonular membrane; L, lens. 


was analogous to that of the anterior leaf. The posterior zonular bundles could be 
traced onto the ciliary crests and on the lateral walls of the ciliary processes. Small, 
discrete, brown pigment particles of varying sizes were scattered on the inner 
surfaces of the anterior and posterior zonular membranes. 

3: The equatorial zonular bundles, which are smaller than either the anterior 
or the posterior, were seen as faint bluish cords lifting themselves in a straight 
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line to disappear along the superior lateral walls of the ciliary processes. They 
were bathed freely by the viscous fluid of the canal. They can be grouped into 
equatorial, preequatorial and retroequatorial bundles. They are not concerned with 
accommodation, since their primary function is fixation of the lens. These bundles 
usually ruptured with ease during an intracapsular cataract extraction. 
Fortunately, it was possible to obtain interesting colored motion pictures of 
Hannover’s canal. One cannot really appreciate the beauty of these pictures 
unless one views the structures previously through the high-powered corneal micro- 
scope. A true stereoscopic view was thus obtained of the intricate construction 
of Hannover’s canal. A two dimensional diagram cannot give an accurate impres- 














Fig. 25.—Liesegang rings (LR) after the aspirated contents of Hannover’s 
canal were stained by Giemsa’s method. These rings are characteristic of colloids. 
Other substances found were cellular debris (CD), crystals and coagulated mate- 
rial (CM). 


sion of this canal. Because of this handicap, it was decided after careful study 
of many serial microscopic sections and gross specimens of human eyes, to con- 
struct a three dimensional model (figs. 23 and 24) of the suspensory ligament and 
all its intimately related structures. This model clarifies some of the anatomic 
points and provides a clearer conception of the boundaries of Hannover’s canal 
and the part this canal plays in the dynamics of intracapsular cataract extraction. 

4: The equatorial region of the lens stained a dark blue. The circular inser- 
tion lines of the anterior and posterior zonular fibers on their respective surfaces 
of the lens were noted by their brushlike configurations. The attenuated fibers 
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stained a faint blue. Proximal illumination brought out their visibility character- 
istically. ‘The insertion line occupied a larger surface area anteriorly than it did 
posteriorly. 

B—A viscous substance essentially different from the aqueous humor and 
closely resembling the essence of the vitreous filled the canal cavity in its entirety. 








Fig. 26.—Sagittal section through the middle of the lens (L) of a human eye. 
H, hook tearing the anterior zonular membrane prior to the application of 
a capsule forceps. This manipulation reduces the total traction force necessary. 
HC, Hannover’s canal; S, sclera. 


In it floated discrete pigment clumps of varying sizes and cast-off cellular debris. 
When the lens was tapped gently, fine shifting movements of the particles in the 
enclosed space were observed. Curiously enough, no escape of fluid from the 
walls of the cavity was observed during these manipulations. 
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In many instances, the contents were aspirated from the canal (under the 
guidance of a corneal microscope) with a fine glass capillary tube (0.5 mm. in 
diameter). During this procedure, the fine equatorial fibers were severed, and 
there was no collapse of Hannover’s space, probably because of the inherent taut- 
ness of the zonular bundles in maintaining the relatively rigid walls of the canal. 
The aspirated contents were colloidal in nature, since Giemsa stain demonstrated 
Liesegang rings (fig. 25). These rings represent a characteristic property of 




















Fig. 27.—Hannover's canal was severed at its summit around the entire cir- 
cumference of the lens (cat’s eye). The anterior zonular membrane (AZ) and 
the posterior zonular membrane (PZ./) remained intact. Z/F, zonular fibers. 


colloids. Other substances observed on close microscopic examination were pig- 
ment granules, cast-off cellular debris and crystals. An occasional red or white 
blood cell could be seen. Similar observations were made on the aspirated con- 
tents of Hannover’s space from cats’ and from bulls’ eyes. 

C.—It was possible to sever all the posterior zonular bundles from their len- 


ticular insertion with a fine pair of scissors. The detached membrane then 
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curled on itself and retracted toward the ciliary processes. This brought into 
yiew the posterior surface of the anterior zonular membrane and some of the 
undamaged equatorial bundles. A similar situation was produced with the pos- 
terior zonular membrane left intact if one first severed the anterior zonular mem- 
brane (fig. 26). This procedure has often been resorted to by Kirby prior to 
intracapsular extraction of the lens.® It decreases initially the total resistance of 
the superior portion of the anterior zonular membrane, which must be overcome 
jater in the extraction. When the preparation was immersed in a solution, the 
retracted and curled membranes immediately unfolded themselves. When gentle 
vibrations were transmitted to the liquid, the zonular membranes were set into 
motion. If the zonular bundles had originally been stained, the picture was 
brought out more clearly. 











Fig. 28.—Separation of the two walls of Hannover’s canal (anterior and 
posterior membranes) exposing the equatorial region of a human lens, which is 
the base of the canal (B). L, lens; AP, anterior pole; PP, posterior pole; P, pin. 


D.—Hannover’s canal was severed at its summit (where the anterior and 
posterior zonular membranes join), around the entire circumference and the lens 
removed with the membranes intact (fig. 27). By carefully manipulating the 
anterior and posterior zonular leaves so that they retracted onto the anterior and the 
posterior surface of the lens, respectively, it was possible to expose the lens 
equator (base of Hannover’s canal; fig. 28). When the zonular bundles were 
stained with azure II and the lens placed in a colorless solution, these anatomic 
structures were sharply delineated. 

E.—Hannover’s canal was removed from the lens (fig. 29) by the following 
procedure: A concentric incision paralleling the lens equator was made into the 
anterior lens capsule beyond the insertion of the anterior zonular fibers. The 
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capsule was then separated gently from the underlying lenticular fibers toward 
the lens equator. Similar steps were performed posteriorly until, eventually, the 
two separations joined one another under the lens capsule near the equator. 
Radial incisions were now made into the anterior and the posterior lens capsule 
at each extremity of the original incisions and made to meet at the equator, 











Fig. 29.—Hannover’s canal (HC) dissected from the lens (L) of a bull’s eye. P, 
pin placed into the canal for its detection after separation from the lens; CP, ciliary 
process. 


With the completion of the last step, one was able to remove Hannover’s canal 
entire, with its base, from the underlying cortical substance. Previous to the 
detachment of the canal, a fine, sealed capillary tube containing Mallory blue 
was introduced into the canal to facilitate its detection. This was done because 


the zonular membranes had a tendency to retract themselves and distort the true 
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configuration of Hannover’s canal. This experiment was difficult, and great 
caution had to be exercised in its performance. 

F.—After a puncture had been made into the posterior zonular membrane, a 
fine bent glass rod was inserted into the canal. The membrane was made to 
stretch on the bend of the glass rod. This procedure was also performed on the 























Fig. 30.—Injection of air into Petit’s space (posterior view, human eye). The 
region concerned resembles the haustra (sacculations) of the large intestine. AB, 
air bubbles; L, lens; EL, Egger’s line, denoting the anterior end and the middle 
of the pars plana (MPP), the posterior extremity of Petit’s space. 


anterior zonular membrane. The membranes returned to their original positions 
only after the traction force had been released. On careful examination of the 
zonular leaves, no perforations were discernible. 
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G.—On many occasions air was insufflated into Hannover’s canal. This can 
be done only after some of the viscous contents have been aspirated. The curved 
end of a glass pipet was introduced into the canal at 9 o'clock anteriorly, An 
assistant commenced to blow air through the pipet. Observing this region with 
the high power corneal microscope, one could detect the air bubbles as they rose 
in the circular canal toward 12 o'clock. As soon as the air was introduced, there 
was a quick distention of the zonular walls at 9 o’clock, which readily disappeared 
as the bubbles proceeded upward. When the insufflation became too strong, the 
walls ballooned out, rupture of the interfibrillar substance following eventually. 
Even though the zonular bundles were bowed because of the preceding manipu- 
lation, they rarely ruptured. 

The air bubbles separated the walls of the canal near its summit, and they 
were readily seen lying between two adjacent ciliary crests in the depth of the 














Fig. 31—Air (A) and barium sulfate (8) in Petit’s space (anteroposterior 
view of a human eye with the posterior segment removed). Air was injected 
to form large bullae, into which barium sulfate was introduced. This figure 
represents a positive print from an x-ray negative (reverse shadows). 


ciliary valleys. The air bubbles did not extend beyond the junction of the pos- 
terior and the middle third of the ciliary processes and never were visualized on 
the surface of the orbiculus ciliaris during these experiments. 

If during the experiment the pipet accidentally perforated the posterior zonular 
membrane, after air insufflation one could see posteriorly a series of confluent 
bullae situated about the lens at its periphery. These air bubbles were located 
in Petit’s space. Since the configuration possessed such a striking resemblance 
to vaisselle godronnée (a species of ornamented silverware), Petit decided to call 
this space the canal of Godronnée.’® It is situated between the hyaloid mem- 


19. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1933, vol. 1, p. 81. 


























Fig. 32.—Petit’s space (P) injected with air (anteroposterior view, cat's eye). 
Half of the circumference is outlined. A similarity to the haustral appearance 
of the large intestine may be noted. 
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Fig. 33.—Lateral view of air in Petit’s space (P) of a cat’s eye. The space 
assumes an oval shape. The hyaloid membrane is separated from the suspensory 
ligament. L, lens. 

419 
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brane and the posterior zonular membrane. It extends posteriorly as far as the 
base of the vitreous and anteriorly up to Egger’s line. This potential cavity has 
no direct connection with Hannover’s canal. It is entirely separate and indepen- 
dent. There have been a number of histologists, among them Merkel 2° 
Terrien,?24 who questioned its existence. 

Injection of air into Petit’s space® (fig. 30) from a posterior aspect was 
accomplished many times with little difficulty. Great care must be exercised in 
this experiment, since artefacts can easily be produced, as follows: 1. Injection 
under force perforates either the anterior portion of the vitreous or the zonular 
membranes. If the hyaloid membrane is traumatized, the medium employed 
(whether air or barium sulfate), will escape into the vitreous. If the zonular 
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Fig. 34.—Point of a pin (P) introduced into Hannover’s canal (HC) of a 
bull’s eye. This photograph was enlarged from a 35 mm. transparency. The 
triangular configuration of the canal is clearly demonstrated at its opened end. 
CP, ciliary process; LE, lens equator. 


membranes are ruptured the injected contents will escape into the posterior cham- 
ber. 2. If the injecting needle accidentally pierces the zonular membranes, the 
contents will enter the posterior chamber and find their way into the anterior 
chamber. 3. If the needle perforates the orbiculus ciliaris and enters the supra- 
choroidal space, the injected contents will be found in the anterior chamber. 

It has been possible to obtain anteroposterior and lateral roentgenograms of 
Petit’s space. Barium sulfate (fig. 31) and air (figs. 32 and 33) were the con- 

20. Merkel, F. S.: Die Zonula ciliaris, Leipzig, W. Engelmann, 1870. 

21. Terrien, F.: Recherches sur la structure de la rétine ciliaire et l’origine 
des fibers de la zonule de Zinn, Thesis, no. 401, Paris, G. Steinhill, 1898. 
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trasting mediums employed. The figures represent positive prints from x-ray 
negatives. These roentgenographic studies are added proof of the existence of 
Petit’s space and the complete independence of the hyaloid membrane from the 
suspensory ligament. 


H.—In order to visualize the triangular arrangement of Hannover’s canal in 
man 2° (fig. 3), a lateral view of the suspensory ligament had to be prepared. 
This was done as follows: The anterior hemisphere was sectioned sagittally 
through the middle of the lens with a sharp razor. It was advisable first to cut 
the sclera and ciliary body with scissors on each side as far as the equator and 
then divide the lens with the razor. If an attempt was made to section the entire 
hemisphere without severing the sclera first, tearing and distortion of the zonular 
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Fig. 35——A small piece of iron wire (FE) introduced into Hannover’s canal 
(anteroposterior view, cat’s eye). C, ciliary valleys. 











system took place. This is a delicate system, and great care must be exerted 
during its preparation. 

The specimen was mounted on a semicircular cork rim and studied laterally. 
To obtain a clearer view of the triangular arrangement of Hannover’s canal, the 
sectioned lens was depressed and fixed by means of a suture. The canal is 
situated in the ciliolenticular space and is formed by the anterior and posterior 
zonular membranes. The lens equator, which is cupola shaped, forms the base 
of the triangle. Employing high power, one could see the fine equatorial bundles 
within the cavity. Variations in the height of the canal were obtained by exerting 
a downward pressure on the equator of the lens. This procedure afforded an 
easy method for the exploration of the cavity. 
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After a single human hair was introduced into the canal, always under guidance 
of the corneal microscope, it was interesting to note the relatively large volume 


occupied by the canal. It was possible to insert fifty human hairs side by side 
without taxing the space. 

















Fig. 36.—Lateral view of iron (FE) in Hannover’s canal (cat’s eye). 


L, lens; 
S, sclera. 
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Fig. 37.—A lateral view demonstrating air in Petit’s space (P) and iron (/£) in 
Hannover’s canal (cat’s eye). The two spaces are in juxtaposition but separate 
and independent of one another. L, lens; S, sclera. 


I—The point of a pin had been placed in the canal (fig. 34) and the specimen 
left in 40 per cent solution of formaldehyde for seven days. After this time the 
internal surfaces of the anterior and posterior zonular membranes were coated 
with a layer of brittle and porous reddish brown particles due to corrosion of 
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the iron in the pin and formation of a hydrated ferric oxide (3Fe:O:.H20; rust). 
An unusual and interesting picture was created. The boundaries of Hannover’s 
canal were demonstrated clearly. 

Roentgenographic technic was employed again to demonstrate the presence of 
a piece of iron wire in Hannover’s canal (figs. 35 and 36). Figure 37 is a 
lateral view of air in Petit’s space and iron wire in Hannover’s canal. It shows 
the existence of two separate and independent spaces in juxtaposition and con- 
firms the histologic arrangement of these anatomic structures. 


J—In the lateral preparation shown in figure 37 it was easy to demonstrate 
the stretching and tearing of the zonular membranes with a fine bent pipet. Dyes 
were injected into the superior opened extremity of the canal and its circulation 
about the lens equator studied carefully until it reached the opened extremity of 
the canal inferiorly. In this experiment, there was no loss of fluid through the 
zonular membranes between the two opened ends of the canal. This fact again 
corroborated the conception of an enclosed circular space to Hannover’s canal. 


COMMENT 

The moderate degree of shifting of the corona ciliaris and the anterior 
part of the orbiculus ciliaris which was observed during the original 
experiments in 1937, described in sections A and C, was mislead- 
ing. It gave the impression of a relatively large traction force 
being exerted on these structures. The present experiments demon- 
strated that this shifting occurred because the ciliary body had previously 
been detached from the sclera. The separation was favored by two 
important factors: (1) the early severing of the delicate and infrequent 
lamellas in the suprachoroidal space which connects the ciliary body to 
the sclera and (2) the decrease in intraocular tension immediately after 
the corneal section, which resulted in transudation of serum from the 
relaxed choroidal blood vessels into the suprachoroidal space.*® Since 
the zonular fibers arise in their entirety from the complete surface of the 
orbiculus ciliaris, any traction exerted on them would in turn be trans- 
ferred to the internal surface of the ciliary body. Such traction there- 
fore would cause a relatively greater shifting of the ciliary body because 
of its previously induced detached state. 

O’Brien ** examined a series of 50 patients postoperatively (from the 
first to the seventh day) and found a flat choroidal detachment encircling 
the entire periphery in 33. The remaining patients had partial separa- 
tion. Another 92 patients were studied by O’Brien ** during or immedi- 
ately after operation, and 86 showed choroidal detachment, an incidence 
of 93 per cent. 


22. O’Brien, C. S.: Detachment of the Choroid After Cataract Extraction: 
Clinical and Experimental Studies, with Report of Seventy-Five Cases, Arch. 
Ophth. 14:527 (Oct.) 1935. 

23. O’Brien, C. S.: Further Observations on Detachment of the Choroid After 
Cataract Extraction, Arch. Ophth. 16:655 (Oct.) 1936. 
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It has been known for a long time that detachment of the ciliary 
body and the anterior part of the choroid can follow other intraocular 
surgical procedures, such as trephining,** the Lagrange operation and 
extracapsular cataract extraction. Any operation which causes a fall in 
the intraocular pressure produces a state which is conducive to detach- 
ment. It is conceivable, therefore, that the traction on the zonular 
fibers during an intracapsular cataract extraction is only partially to 
blame for the detachment of the ciliary body and the anterior part of 
the choroid. Whether or not the separation produces changes detri- 
mental to the integrity of the eye cannot be answered at present. 

Experimentally, Csillag** performed a number of intracapsular 
extractions on pigs’ eyes and observed that the lamellas of the hyaloid 
membrane separated with moderate difficulty from the posterior lens 
capsule. The hyaloid membrane invariably followed the lens during its 
delivery and separated from it at right angles to the axis of dislocation. 
The negative pressure between the posterior lens capsule and the hyaloid 
membrane was unusually strong in the pigs’ eyes. A similar pressure 
was found to exist in human eyes but to a lesser degree. The experi- 
ments described in sections C, D and F prove that such a force normally 
exists between the lens and the hyaloid membrane. 

Two other experiments, which were performed many times and 
demonstrated conclusively the strong negative pressure, were as follows: 

1: The anterior and posterior zonular membranes were severed completely 
around the entire circumference of the lens without disturbing the posterior lens 
capsule in the. patellar fossa. The stump of the optic nerve was held with the 
lens facing downward. The lens did not fall out of the patellar fossa, because 
the surfaces of contact were held together by a negative force. 

2: A human eyeball was severed through its equator. The anterior part of 
the vitreous was separated from its firm attachment to the ora serrata and the 
immediately adjacent orbiculus ciliaris up to its lenticular union posteriorly. The 
cut edges of the sclera were grasped with a forceps and the anterior segment 
held in such a manner as to permit the vitreous to hang downward. The loosen- 
ing of the hyaloid membrane from the lens took place with difficulty. It was 
necessary to grasp the vitreous behind the lens and pull downward gradually 
before separation of the hyaloid membrane from the posterior lens capsule could 
be effected. Examination of the hyaloid membrane showed it to be intact after 
this manipulation. No holes were discernible and no zonular fibers demonstrable 
after staining with azure II. 


The separation of the hyaloid membrane from the inner surface of 
the anterior half of the ciliary body, to which it is united directly only 
here and there by delicate processes and mediately by zonular 
bundles, was shown in section D. It is not possible to observe this 
separation clinically because it is not within the range of visibility 





24. Collins, E. L., and Mayou, M. S.: Pathology and Bacteriology of the Eye, 
ed. 2, Philadelphia, P. Blakiston’s Son & Co., 1925, p. 332. ; 
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ophthalmoscopically. With the corneal incision healed and drainage 
reestablished in the anterior chamber, a readjustment of the partially 
detached hyaloid membrane to its former position over the ciliary 
processes most likely follows. _ 

A case was recently reported by Bassin*® of detachment of the 
vitreous in the area adjacent to the ora serrata (base of the vitreous) 
following intracapsular extraction. Slit lamp examination showed a 
whitish gray membrane with a thickened margin and folds running to it. 
The membrane was in the frontal plane, oscillating slightly on extreme 
motion of the eye. Bassin stated the belief that the detachment of the 
vitreous was caused by the pressure on the eye and massage during the 
difficult delivery of the lens. 

It was only after the base of the vitreous had sustained severe 
trauma directly that it was possible to observe in several of the experi- 
ments (section D) a partial detachment of this base. The amount of 
trauma inflicted on the base of the vitreous during an intracapsular 
extraction is negligible. One knows from surgical experience the ease 
with which the zonular bundles rupture and the lens is delivered. 

Retinal detachment may occur after the base of the vitreous has 
separated, since the vitreous takes part of the ciliary epithelium with it 
and the end of the retina loses its attachment. It is doubtful that such 
a mechanism operates in retinal detachment following intracapsular 
extraction. A more plausible possibility may be found in the following 
explanation: After the partial separation of the anterior surface of the 
vitreous from the inner surface of the ciliary processes, plus the great 
tendency of the vitreous to protrude into the anterior chamber after 
the loss of the capsulosuspensory diaphragm, it appears that the con- 
stant surging of the vitreous back and forth may eventually lead to a 
detachment of the retina.*® This process is aided by the fact that the 
posterior border layer of the vitreous is more firmly attached to the 
membrana limitans interna retinae than is the attachment of the outer 
surface of the retina to the pigment epithelium of the choroid. 

In 1931 Verhoeff** performed intracapsular cataract extraction 
without tumbling on 3 enucleated eyes. Microscopic studies of these 
eyes showed no damaging effects to the ciliary epithelium and retina. 
The hyaloid membrane remained completely intact in all 3. My experi- 
mental studies substantiate Dr. Verhoeff’s microscopic observations. 


25. Bassin, R.: Beitrag zur Frage Glaskérperabhebungen, Klin. Monatsbl. f. 
Augenh. 97:599, 1936. 

26. Peter, L.: Slitlamp Studies of Hernias of the Vitreous, Am. J. Ophth. 
6:644, 1923. 

27. Verhoeff, F. H.: Condition of Ocular Structures Immediately After 
Removal of Lens in Capsule, Tr. Am. Ophth. Soc. 29:184, 1931. 
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McLean,”* of the Wilmer Ophthalmological Institute of Johns Hop- 
kins University and Hospital, recently compiled a statistical study of 
255 cases of retinal detachment which included 14 aphakia. The 
detachment followed extracapsular extraction in 9 of these cases, intra- 
capsular extraction in 4 and a discission and lavage in 1. It has been 
the common belief that retinal detachment is more frequently found after 
intracapsular than after extracapsular cataract extraction. The statistics 
reported disprove this contention. 

The experiments demonstrated conclusively that Hannover’s canal 
is a closed circular space which is circumferentially complete about the 
lens. Its anterior and posterior walls are not merely fenestrated cords 
with openings (old concept), traversing the free circumlental space, 
but actual continuous membranes. These consist of zonular bundles 
rendered continuous by a condensed interfibrillar cement substance 
which is resistant to dyes. The zonular bundles, on the other hand, are 
illustrated characteristically with numerous stains. The viscous con- 
tents of the canal which were aspirated and stained by Giemsa’s method 
revealed Liesegang rings. These rings represent a characteristic 
property of colloids. Since Hannover’s canal constitutes an afferent 
and efferent pathway for the nutrition of the lens, changes in the colloidal 
system of this canal may possibly be the true initiator in the formation 
of cataracts. 

In order for the surgeon to appreciate the finer details in the 
mechanics of intracapsular cataract extraction, it is of the utmost. impor- 
tance that he acquaint himself with the intimate gross and microscopic 
anatomy of the anterior segment of the eyeball. To obtain a clear under- 
standing of the suspensory ligament (a structure of great importance in 
intracapsular work), one must study this intricate system by means of 
serial microscopic sections. It is not possible by examining one sagittal 
section to master the complete zonula of Zinn. The impressions so 
derived are absolutely incomplete. The gross dissections of the anterior 
segment of the eye have confirmed beyond a doubt many of the micro- 
scopic conceptions relating to the suspensory ligament. 

The following enumerated anatomic conceptions should be borne in 
mind by surgeons performing intracapsular extraction, since knowledge 
of them is important in an understanding of the external and internal 
dynamics of the procedure: 

1. The zonular fibers arise in their entirety from the complete surface of the 
orbiculus ciliaris. There are no spaces found between the ciliary epithelium on 
one side and zonular fibers on the other side along the surface of the orbiculus 
ciliaris. 

2. Zonular fibers are not found at the ora serrata or immediately posterior 
to it. 








28. McLean, J. W.: Personal communication to the author. 
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3. The anterior border layer of the vitreous (hyaloid) possesses all the char- 
acteristics of a membrane (fig. 38). It represents the condensation of the most 
superficial parallel lamellas of the vitreous and is easily thrown into circular folds. 
The border layer of the vitreous can be teased out in the form of membranes, 
each of which is resolvable into fibers.?9 

















Fig. 38.—The hyaloid membrane (HM) was severed after intracapsular extrac- 
tion (human eye). The torn edge was lifted with a forceps (Ff). The membrane 
recoiled after the traction was released. Traction furrows radiated from the edge 
of the tear. The properties indicated are characteristic of membranes. 





29. Salzmann, M.: Anatomy and Histology of the Human Eyeball, in the 
Normal State: Its Development and Senescence, translated by E. V. L. Brown, 
Chicago, University of Chicago Press, 1912. 
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4. A thicker layer is first separated from the base of the vitreous, and this 
extends along the inner surface of the retina backward as the posterior border 
layer. This layer is thickest at the ora serrata; farther backward it is always 
thinner, since the innermost layers constantly turn off into the interior of the 
vitreous. 

5. The zonular cleft is not a free open space. It merely represents a thinning 
out of the peripheral framework of the anterior border layer. 

6. The existence of the ligamentum hyaloideocapsulare is still a controversial 
subject from the microscopic point of view. It cannot be demonstrated grossly, 

7. That the anterior portion of the hyaloid membrane is entirely independent 
of the lens and of the posterior zonular membrane is shown by (a) the gross 
and histologic arrangement, (b) the fact that, histochemically, each has different 
staining qualities and (c) the fact that embryologically they are separate systems. 
When the vitreous is removed completely, the suspensory ligament remains intact. 
There were no zonular fibers to be seen in the anterior border layer after it was 
stained with azure II. 

8. The posterior surface of the lens is held in the patellar fossa by a negative 
pressure. It is this pressure which is neutralized by the atmospheric pressure during 
the delivery of the lens intracapsularly.°° 

9. Hannover’s canal (triangular ligament of Merkel) occupies the ciliolenticular 
space. The two walls of the triangle are formed by the anterior and posterior 
zonular membranes, the summit by the junction of these two membranes at the 
base of the ciliary processes and the base by the equator of the lens. The canal 
is filled with a viscous substance. 

10. Petit’s canal is a virtual space between the posterior zonular membrane 
and the hyaloid membrane. The walls of this canal stretch when air is insufflated 
or dyes are injected into it. The experiments reported tend to show that the 
existence of this canal is very possible. 

11. The anterior and posterior zonular membranes meet at the base of the 
ciliary processes and intermingle their bundles so that a single membrane is 
formed. This continuous blended layer proceeds posteriorly, where the zonular 
bundles disassociate themselves into their constituent elements (zonular fibers) at 
different planes along their path of origin from the entire surface of the orbiculus 
ciliaris. 

12. The older anatomists, for example Iwanoff 81 and Schwalbe,5 stated the 
belief that the hyaloid membrane splits into two layers in the ciliary region, one 
layer continuing over the anterior face of the vitreous and the other forming the 
suspensory ligament of the lens. This theory was discarded many years ago, even 
before the advent of the slit lamp. Observations through the corneal microscope 
have proved conclusively that it is incorrect. 

13. The accommodative theory of Helmholtz is strongly upheld by the anatomic 
arrangement of the zonular fibers. 


30. Vannas, M.: Klinische und experimentelle Untersuchungen iiber die vor- 
deren Teile des Glaskérpers, insebesondere nach intrakapsularen Linsenextrak- 
tionen, Klin. Monatsbl. f. Augenh. 89:318, 1932. 

31. Iwanoff: Beitrage zur Ablésung des Glaskérpers, Arch. f. Ophth. (pt. 2) 
15:1, 1869. 
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14. The zonular bundles ruptured close to their lenticular insertion in the 
majority of the experiments. The process was clearly seen when a dye had 
been injected into Hannover’s canal and transillumination employed during the 
extraction. 


The mechanical changes created by tumbling, with and without 
vitreous, were clearly illustrated. Many interesting and important 
details were observed with the corneal microscope when tumbling was 
combined with the external application of pressure (on either cornea, 
limbus or sclera). A series of studies on the external application of 
force with a hook was made independently of the tumbling mechanism. 
The greatest number of zonular bundles ruptured when the site of 
application was over the scleral surface 2 mm. from the limbus. 


SUMMARY AND CONCLUSION 


The detailed descriptions of sections A, B, C, D, E and F combined 
into one picture give a good conception of the general internal and 
external dynamics of intracapsular extraction and its effect on the struc- 
tures in the anterior segment of the eye. The amount of trauma sus- 
tained by these structures is almost negligible. This fact was observed 
through the corneal microscope during extractions and verified by 
microscopic studies on 2 human adult eyes (serially sectioned) which 
had undergone intracapsular extraction. The retina and the ciliary 
epithelium remained intact, and no tears in the hyaloid membrane were 
visible. . 

When tumbling was coupled with external pressure (single point 
and horizontal curvilinear application) over the scleral surface, it was 
found to produce the greatest number of ruptured zonular bundles with 
a subminimal amount of trauma. The experiments prove that this pro- 
cedure is the one of choice in approaching intracapsular cataract 
extraction. 

These experiments are the first of their kind to be performed on 
human eyes: 

Many interesting experimental studies are demonstrated to prove 
the existence and integrity of Hannover’s canal. That an organic, 
agglutinating, interfibrillar, cement substance which transforms the zonu- 
lar bundles into a continuous membrane (anteriorly as well as pos- 
teriorly) exists was proved beyond doubt. This membrane is also found 
covering the surface of the orbiculus ciliaris. 

Changes in the colloidal system of Hannover’s canal are probably 
the true initiator of cataractous changes in the lens. 

Roentgenographic proof is offered for the existence of Hannover’s 
canal and Petit’s space. 
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Microscopic and gross evidence is presented to demonstrate the 
complete independence of the suspensory ligament from the hyaloid 
membrane (anterior border layer of the vitreous). 

Fourteen important anatomic conceptions pertaining to intracapsular 
extraction are enumerated. 

Descriptions are given of the following normal anatomic structures 
as seen with the slit lamp: (1) the anterior, posterior and lateral sur- 
faces of the suspensory ligament and (2) the hyaloid membrane and its 
relation to the suspensory ligament and the lens. 

These studies establish a true scientific approach for continued experi- 
mentation in the field of intracapsular cataract extraction. They also 
provide a working basis for future instruction to surgeons interested in 
this phase of cataract surgery. And, above all, they give one a com- 
prehensive understanding of the anatomic structures in the anterior 
segment of the eye. 

The demonstration of the macroscopic and the microscopic anatomy 
plus the experimental observations reported convinces one beyond 
doubt that intracapsular cataract extraction can be undertaken in a 
majority of cases with a subminimal amount of trauma. A keen under- 
standing of the essential features of the external and internal dynamics 
permits a more intelligent approach to intracapsular cataract extraction. 


555 Park Avenue. 


ABSTRACT OF DISCUSSION 


Dr. MANUEL UriBe Troncoso, New York: Dr. Goldsmith’s present 
paper is a more complete presentation of the subject than was his former 
article in the Arcuives (ArcH. Oputn. 22: 792 [Nov.] 1939). In 
this new work, besides the study of intracapsular extraction by suction, 
he considers first the removal of the lens with a capsular forceps aided 
by external pressure and second the Smith Indian operation with external 
pressure alone. 

I am glad that he used to advantage the anatomic method with the 
slit lamp microscope that I recommended in 1936. This gives a much 
more accurate stereoscopic view of the architecture of the zonula and 
surrounding structures than is obtained by simple*microscopic methods, 
in which the section is never a complete aspect of the organs. About the 
technic of dry preparations, I may say that it has the defect of prolonged 
exposure to the air, which dries and changes the tissues. I have found 
it preferable to make my dissections under water, because in this way 
the zonula, lens and processes stay in position and have normal relations. 
In some cases I use the ordinary dissecting microscope to advantage, with 
the specimen under water and in a downward position. 

Dr. Goldsmith’s paper sets forth clearly the dynamic factors in 
play both internally and externally during intracapsular cataract 
extraction. 

He had the rare fortune of securing 59 fresh human eyes from four to 
six hours after death and was able to visualize the changes brought about 
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in the zonula and the ciliary body by traction and pressure. He empha- 
sized the complete independence of the vitreous from the posterior zon- 
ular membrane downward and also the independence of the zonula 
from the ciliary processes in their forward two thirds. He has studied 
the close adhesion between the lens and the hyaloid fossa. His experi- 
ment of cutting down the zonula with scissors and then trying to remove 
the lens with a capsular forceps showed him how strong is the resistance 
of the capsular adhesion to the patellar fossa owing first to negative pres- 
sure and second to the existence of the ligamentum hyaloideocapsulare. 
The force of this resistance is important to consider during intracapsular 
extraction. 

His researches on the Smith (Indian) method, in which the zonula is 
torn in the lower part of the lens by heavy external pressure on the 
scleral surface with a hook, show that it has the effect of pressing 
the ciliary processes against the equator of the lens, which displaces the 
zonula back and laterally almost 80 or 90 degrees and ruptures it. Then 
the lens is subluxated upward. This maneuver puts the superior ciliary 
processes under tension and twists the lateral zonular bundles. In order 
to overcome the resistance, a much greater pressure is necessary, which 
leads sometimes to prolapse and loss of vitreous. He does not recom- 
mend this method of extraction, which produces a great deal of trauma. 

Use of the capsular forceps with lateral to and fro movements of the 
lens causes an inferior rupture of the zonula. When helped by external 
pressure with a hook applied to the sclera it is safer than the Smith 
method. Instead of the forceps the suction cup is also convenient. How- 
ever, it is not only the rupture of the zonular fibers which is important, 
but the tumbling of the lens by which the freed lower portion of the 
equator is tilted upward and outward, rotating anteriorly 180 degrees. 

Dr. Goldsmith has shown that the greatest factor in the dislocation 
of the lens is the side to side shaking movement, while the backward 
pressure acts over the posterior spaces, the lens and the zonular dia- 
phragm, helping to produce the tumbling. The pressure of the hook acts 
by hydrostatic transmission of the force backward and upward, which 
helps to separate the lens from the fossa. 

Thus research work has supported the surgeon’s view that the Smith 
(Indian) method is rough and should not be employed, while the opera- 
tion with the capsular forceps or the suction cup accompanied by external 
pressure increases the probabilities of success and produces much less 
trauma to the zonula and the ciliary processes. 

Dr. Goldsmith has taken a great deal of trouble to prove the existence 
in man of Hannover’s canal. This canal is not present in rodents, 
ungulae and carnivora, in which the zonular fibers form a solid bundle 
inserted over and to each side of the equator of the lens. In primates 
the anterior and posterior zonular membranes are inserted separately 
into the anterior and posterior lens capsule over the equator and leave 
between them a triangular space, whose apex is attached to the ciliary 
processes at the valleys. This space is easily seen in meridional sections, 
but it is not a continuous circular canal. It is partitioned irregularly 
by many isolated bundles of zonular fibers, which serve mainly to suspend 
the lens. If one admits that the anterior and posterior zonular layers 
are continuous membranes, then one must admit that Hannover’s space 
is a closed, irregular, circular cavity, with its base over the equator of 
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the lens and its apex where the two zonular membranes join and fuse 
at the level of the posterior third of the length of the processes. 

Dr. Goldsmith has confirmed by chemical examination of the fluid 
aspirated from this space the conclusions of previous authors (Beauvieux, 
Duke-Elder) that there is a viscous liquid in Hannover’s space. This 
fact is important from the physiologic standpoint. 


Dr. Henry J. Minsxy, New York: Berger in 1887 noted that 
Wieger and Virchow disagreed over Petit’s canal. Today, Dr. Gold- 
smith and I, working independently in one institution, have come to a 
similar controversy. I cannot agree with many of Dr. Goldsmith’s con- 
clusions, because the conditions of his experiments on intracapsular 
extraction are not those of the actual operation. Time permits me to 
discuss only four differences of opinion: 

1. The zonular membrane does arise from the same source as the 
vitreous. In this 112 mm. embryo (slide) Dr. Kornzweig found the 
zonular fibrillae (tertiary vitreous of Ida Mann) morphologically indis- 
tinguishable from the vitreous. 

2. The hyaloid membrane does contain zonular fibers. Retzius in 
1894 showed the zonular fibrillae splitting into two layers about 2 mm, 
from the ora to form Petit’s space (slide). One layer ran to the ciliary 
epithelium, while the other (called the central layer by Graf Spee and 
the innermost fibers by Salzmann) arched over the hyaloid membrane. 
This real space between the two layers (which should be called the 
zonular chamber) is different from that of Petit, who described a poten- 
tial space between hyaloid membrane and zonula extending from lens 
to retina. The insertion of zonular fibers into the hyaloid membrane is 
demonstrated when the isolated lens-vitreous body is suspended by 
sutures taken in the suspensory ligament (motion picture). Negative 
pressure plays a minor part in the adherence of the lens to the hyaloid 
membrane. Finally, I have demonstrated the hyaloid-zonular fibers as 
brilliant white lines in a purple field by double-polarized light in 
unstained sections mounted in 70 per cent alcohol. Balsam, which is 
ordinarily used in mounting microscopic specimens, masks the visibility 
of the zonular fibrillae and accounts for their obscurity. 

3. The architecture of the suspensory ligament is like a double shell 
dome braced by cross members. In the periphery, the hyalozonular leaf 
is more prominent than the ciliary fibers (slide). It tapers centripetally 
by losing bundles to the ciliary portion. Those hyalozonular fibers which 
bind the ciliary processes to the hyaloid membrane run through Hann- 
over’s canal to the anterior capsule. The ligamentum hyaloideocapsulare 
can be seen microscopically, since it is the termination of the zonular 
lamellas of the hyaloid membrane on the posterior capsule. 

In intracapsular operations, pressure should be applied near the 
equator of the lens, where the shearing action of the communicating 
bands is at a maximum (slide). Although the force is absorbed mainly 
by the ciliary processes, excessive pressure pulls the retina and the 
vitreous. From an experimental approach, the intracapsular operation 
involves more anatomic structures and invites more physiologic distur- 
bances than the extracapsular. 

4. Hannover’s canal is not a closed space, but a subdivision of the 
posterior chamber for descriptive purposes. When Dr. Goldsmith 
removes the cornea and iris and substitutes air for aqueous around 
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Hannover’s canal, he loses the normal interfaces and increases the surface 
tension, so that the space fills by capillarity in spite of fenestrations in 
its “walls.” A molecular dye injected into Hannover’s canal under 
conditions approaching normal fills the anterior, posterior and zonular 
chambers (motion picture). 

Dr. F. H. VERHoeEFF, Boston: The most important thing Dr. Gold- 
smith did was to aspirate the Hannoverian canal and find it contained 
a fluid that was albuminous. If the canal will retain albuminous fluid, 
of course it does not make any difference whether one finds other evi- 
dence that there is membrane around it. As to the observations that 
were made by Dr. Minsky, it seems to me that if a fluid is injected 
forcibly anywhere it may break through a membrane. His observations 
therefore do not afford conclusive proof that there is not a thin membrane 
around the Hannoverian canal. In his experiments Dr. Goldsmith used 
cadavers. In postmortem specimens protein material soon dissolves in 
the surrounding fluid, and one gets albuminous fluid. I think he may 
have controlled his experiments—he did not say. He may have done so 
by aspirating the fluid from around the Hannoverian canal, the posterior 
chamber and the aqueous to see if that fluid was any different from the 
fluid in the canal. If it was different, I think he has made an important 
contribution. 

Dr. Goldsmith spoke about making a microscopic examination ‘of a 
normal eye. I did not hear him mention it, but I know he is aware of 
the fact that about ten years ago I performed an intracapsular extraction 
on a freshly enucleated normal eye and then examined the eye micro- 
scopically. I found that no damage had been done to the retina or the 
ciliary epithelium. The zonular fibers had ruptured near the lens. As 
far as I know, that was the first time such an experiment had ever been 
done. I performed the same experiment on each of 2 eyes which were 
not entirely normal. One of the eyes had fluid vitreous. The operation 
produced no damage to the ciliary epithelium or to the retina in 
either eye. 

Dr. J. Gotpsmitu, New York: In reply to Dr. Troncoso I wish 
to state that in my experiments the zonular membranes were continuously 
bathed with solution, to avoid drying of the fibers. Tumbling, other 
internal procedures and the application of external force introduce 
factors of stress and strain, with the liberation of energy, which is con- 
stantly being dissipated into the surrounding fluid medium. This pre- 
vents damage to the neighboring delicate structures. I believe the study 
of Hannover’s canal is important. Since Liesegang rings were clearly 
demonstrated in the aspirated contents, a colloidal system must exist 
in this canal. A modification in the chemistry of this complex system 
most probably alters the nutrition to the lens, the alteration eventually 
initiating cataractous changes. Dr. Benedict stated that he found degen- 
erative changes about the lens equator (involving the zonular mem- 
branes) in studying eyes which had incipient lenticular changes. Time 
does not permit me to discuss the controversial points raised by 
Dr. Minsky. Each point is taken up separately in my paper. In 1922 
Beauvieux claimed that the suspensory ligament is separate and indepen- 
dent of the hyaloid membrane, anatomically as well as embryologically. 
The marginal bundle of Druault (secondary vitreous) atrophies 
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anteriorly, and its outermost surface forms the future hyaloid membrane. 
The anterior and posterior zonular fibers which are laid down anteriorly 
to the hyaloid membrane are separate and independent of it. 

The zonular chamber described by Dr. Minsky corresponds to the 
well known space of Petit’s canal. Petit described the superoposterior 
extremity as commencing at the ora serrata. Ivanoff placed it at 4 mm. 
and Wieger at 2 mm. from the ora serrata. Hannover’s work confirmed 
Petit’s findings. My recent studies place the closed posterior extremity 
at 3 mm. away. The only space to be rightfully called the zonular 
chamber is Hannover’s canal. 

Anatomically there is no proof to substantiate that the vitreous is 
suspended from the lens by the zonular membrane. The anterior and 
posterior zonular membranes are extremely delicate, and any manipula- 
tion, no matter how slight, especially insertion of sutures, would be 
sufficient to tear it immediately. 

In regard to Dr. Verhoeff’s question, I should like to state that 
examination of the aqueous (prezonular space) revealed no Liesegang 
rings. Study of the vitreous (postzonular space) showed it to abound 
in Liesegang rings; this finding was ably ‘demonstrated by Redslob in 
1932. The vitreous body was completely separated before Hannover’s 
canal was aspirated. 

The results of study of serial microscopic sections of eyes which had 
undergone intracapsular extraction confirm those obtained by Dr. Ver- 
hoeff in 1931. There was no damage sustained, either grossly or micro- 
scopically, to the hyaloid membrane and the epithelium lining the 
ciliary body. 

It has been possible by radiographic technic to demonstrate Hann- 
over’s canal and Petit’s space as separate and independent chambers. 
Air, barium sulfate, 20 per cent sodium iodide, and fine metallic bodies 
were injected into the spaces. Lateral, oblique and anteroposterior views 
were taken on dental films. 

I thank Dr. Troncoso, Dr. Verhoeff and Dr. Minsky for their 
participation in the discussion. 











‘EYELID CLOSURE REACTION 


M. B. BENDER, M.D. 
NEW YORK 


One of the normal reactions seldom tested is the eyelid closure 
reaction. This reaction, also known as the orbicularis reflex, is actually 
an associated movement. It consists of a constriction of the pupil in 
conjunction with active contraction of the orbicularis oculi muscle and 
upward rolling of the eyeball. It is elicited as follows: The patient is 
asked to shut his eyes tightly, and when the eyelids are forcibly held 
apart, the.examiner notices a slight constriction of the pupil.* 

Although the lid closure reaction can be elicited in the normal person, 
it cannot always be observed unless careful pupillographic studies are 
made.” Piltz* found the reaction in only 1 of 23 persons. Pupillary 
constriction in association with lid closure was first noted in a patient in 
whom the light reflex was absent. Von Graefe,* Westphal ° and Piltz * 
each described the phenomenon in great detail. 

The reaction may be entirely unilateral, the pupil being constricted in 
the eye tested. The unilateral form usually indicates a pathologic state.® 
If both eyes are closed tightly, the response is bilateral. In general, 


This work was aided by the Josiah Macy, Jr. Foundation. 

From the neurologic service of Dr. I. S. Wechsler and the laboratories of the 
Mount Sinai Hospital. 

1. Under ordinary circumstances the pupils are in a constant state of balanced 
activity governed by the antagonism between the dilator and the sphincter mecha- 
nism. When the lids are closed, the light which maintains a continual reflex 
tone of the pupillary constrictor mechanism is excluded, the pupil thereby being 
caused to dilate. However, when the eyelids are shut tightly, the associated 
orbicularis oculi and pupillary constrictor mechanisms are so powerful that not only 
is the pupil prevented from dilating but active constriction occurs. 

2. Lowenstein, O.: Ueber die Variationsbreite des Lichereflexes und der 
Psychoreflexe der Pupillen, Arch. f. Psychiat. 82:285-314, 1927. Lowenstein, O., 
and Friedman, E. D.: Pupillographic Studies: I. Present Stage of Pupillography ; 
Its Method and Diagnostic Significance, Arch. Ophth. 27:969 (May) 1942. 

3. Piltz, J.: Ueber neue Pupillenphanomene, Neurol. Centralbl. 18:248-254 
(March) 1898. 

4. von Graefe, A.: Fall von Blepharospasmus mit hinzugetretenen allgemeinen 
Konvulsionen durch die Durchschneidung des Supraorbitalnerven geheilt, Entste- 
hung einer optisch nicht zu erklarenden Accommodations-Krankheit, Arch. f. 
Ophth. 1:440, 1854. 

5. Westphal, A.: Ueber ein bisher nich beschriebenes Pupillenphanomen, 
Neurol. Centralbl. 18:161-164 (Feb.) 1898. 


6. Lowenstein, O.: Personal communication to the author. 
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however, the reaction is bilateral. Pupillary constriction, upward rolling 
of the globes and closure of the lids are known to occur in sleep and in 
association with severe yawning. 

The closing of the lids which occurs in response to corneal stimulation 
is also accompanied by pupillary constriction. This reaction is known as 
the trigeminal, the oculopupillary or the sensory blinking reflex. 

The orbicularis,. or lid closure, reaction and the trigeminal reflex 
are closely related. Their efferent components, such as closing of the 
eyelids, upward rolling of the eyeballs and constriction of the pupils, 
are identical. The reflexes differ only in their initiation, the former not 
necessarily involving a sensory arc. In neither of these reflexes is clos- 
ing of the eyelids a necessary component of the response. 


REPORT OF CASES 


Case 1.—A 65 year old Negro applied to the neurologic clinic for treatment 
of Bell’s palsy on the right side. There was complete peripheral facial paralysis 
on the right, including the brow, eyelids, face, nostril and platysma myoides muscle. 
The Wassermann reaction of the blood was positive. The right pupil was larger 
than the left and reacted sluggishly to light. Both pupils reacted in accommoda- 
tion. On attempted innervation of the right orbicularis oculi muscle, the right 
eyeball rolled up, the pupil contracted but the eyelids did not close. When the left 
cornea was stimulated, the left eyelids closed, and when they were held apart, 
the pupil was seen to constrict. Consensually, the right eyeball rolled upward 
(Bell’s phenomenon) and the right pupil became constricted, even though the 
lids on this side did not move. When the right cornea was stimulated, the same 
phenomenon occurred, only this time the pupillary constriction was much stronger 
on the side of the stimulation. 


This case illustrates that (a) the closing of the eyelids is not essential 
for the associated pupillary constriction, that (b) the orbicularis pupillary 
reaction may be consensual and is more apparent in the eye with the 
more dilated pupil and that (c) the reflex response is greater on the 
side of corneal stimulation. 


Case 2.—A 54 year old white man was admitted to the hospital with swollen 
joints. The history and the clinical and laboratory examinations disclosed signs 
and symptoms of tabes and the Charcot joints. 

Both pupils were irregular. The right measured 5 mm. and the left 4 mm. 
Both were fixed to light and reacted sluggishly over a small excursion in accom- 
modation. When either of the eyes was shut tightly, the pupil on the side of 
the closure became constricted, the right to 1.5 mm. and the left to 2 mm. When 
the patient attempted to close both eyes, both pupils were constricted. The 
examiner observed the eyes by forcibly holding the lids apart. It is possible that 
the consensual pupillary reaction was so slight that it could not be detected with 
the unaided eye. 

When the cornea was stimulated, the eyelids closed, the globes rolled upward 
and both pupils became constricted. The constriction was greater on the side of 
the stimulation. 
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This case illustrates the fact that the orbicularis reaction may be 
unilateral. Unilaterality of the lid closure reaction and rigidity of the 
pupil to light and in accommodation indicate thet there is a lesion of 
the supranuclear pupillary pathways. 


Case 3.—A 43 year old waiter was admitted to Montefiore Hospital for 
tabetic crises. The Wassermann reaction of the blood and that of the spinal fluid 
were 4 plus. There was retention of urine, and the ankle jerks were absent. 
Except for the pupillary findings, the neurologic status was normal. 

The right pupil measured 6 mm. in diameter and the left 2.5 mm. The right 
pupil was fixed to direct and to consensual light stimulation and almost fixed 
in accommodation. Convergence was good. When the patient was asked to close 
the right eye, the right pupil contracted to 2 mm., and little change was noted 
in the left eye. When the left eye was closed, the pupil contracted slightly over 
a small excursion; there was no visible constriction of the right pupil. Corneal 
stimulation of either eye caused a constriction which was more apparent in the 
right eye, possibly because there was room for the pupil to contract. 


This case is a good example of dissociation of pupillary reactions. 
A unilaterally dilated pupil, fixed to light and in accommodation, con- 
tracts well on lid closure and on stimulation of the trigeminal nerve. 


Case 4.—A 42 year old housewife was admitted to Mount Sinai Hospital with 
facial palsy. Six weeks before admission there developed palsy and pain in the 
right side of the face, with loss of taste on the right side of the tongue. Three 
weeks later the facial paralysis began to disappear. One week before admission 
the left side of the face became paralyzed, with pain in the face and loss of taste 
on the left side of the tongue. 

Examination revealed facial diplegia of the lower motor neuron type. There 
was but slight power in the muscles about the right corner of the mouth. All 
the muscles supplied by the left facial nerve were paralyzed and tender to 
palpation. Taste in the left anterior two thirds of the tongue was impaired. On 
attempted closure of the eyes the orbicularis oculi muscle did not contract. The 
globes rolled upward and the pupils contracted fully and promptly. When the eyes 
rolled back the pupils dilated to their normal diameter. Stimulation of either 
cornea revealed the same phenomena. The rest of the neurologic examination gave 
negative results. 


Stimulation of the cornea is painful and theoretically should cause 
dilatation of the pupil via the sympathetic chain.’ However, in the 4 
described, corneal stimulation produced bilateral pupillary constriction 
in association with lid closure and upward movement of the globes. 
The direct reaction is usually greater than the consensual. 


EXPERIMENTAL 


The lid closure reaction and the trigeminal reflex have been observed 
hest in monkeys. Spontaneous blinking, visual confrontation and stimu- 


7. Adler, F. H.: Clinical Physiology of the Eye, New York, The Macmillan 
Company, 1933, p. 55. 
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lation of ocular adnexa or the cornea result in (a) closing of the eyelids, 
(b) upward rolling of the globes and (c) constriction of the pupil. The 
responses are always bilateral. 

Electrical stimulation of the cortical center for the orbicularis oculj 
muscle does not result in strong lid closure in the monkey. The 
response is feeble and is accompanied neither by upward rolling of the 
eyes nor by pupillary constriction as seen with the voluntary act of lid 
closure. This is not surprising, because vertical ocular movements and 
pupillary constriction are difficult to obtain by cortical stimulation in 
animals lower than man. Russell * obtained upward movements of the 
eyes only after section of the internal and external rectus muscles. 

Stimulation of the cornea in the pigeon results in ipsilateral constric- 
tion of the pupil and closure of the lids; the consensual response, how- 
ever, is so slight that it is almost unrecognizable. These associated and 
reflex pupillary reactions are difficult to detect in the rabbit, the cat and 
the dog unless studied photographically. 

As in man, in the animals mentioned the acts of closing the lids, 
constricting the pupil and rolling the globe upward do not depend on 
primary contraction of the orbicularis oculi muscle. Stimulation of the 
facial nerve in the monkey, cat, dog or rabbit induces strong closure of 
the eyelids, but there is neither upward rolling of the eyeballs nor pupil- 
lary constriction. Section of one or both zygomatic nerves in the facial 
or temporal portion abolishes contractions in the orbicularis oculi mus- 
cle, but it does not eliminate the upward rolling of the globes and the 
associated pupillary constriction of the lid closure reflex. 

Section of the third nerve in monkeys causes the typical oculomotor 
ophthalmoplegia ; it abolishes in the eye operated on but not in the normal 
eye the upward rolling of the eyeball and the pupillary constriction which 
are seen during spontaneous blinking, on corneal stimulation or on visual 
confrontation. Section of the trigeminal nerve or of the entire cervical 
sympathetic chain has no effect on the lid closure reaction; mechanical . 
stimulation of the normal cornea produces constriction in the pupil of 
the normal eye and consensually in the pupil of the eye with interrupted 
trigeminal or sympathetic innervation. 


COMMENT 


The corticonuclear and internuncial pathways for the associated acts 
of upward rolling of the globe and pupillary constriction which occur on 
voluntary closing of the lids, spontaneous blinking and corneal stimula- 
tion are not known. Many schematic drawings of corticobulbar tracts 
have been constructed, but there is little anatomic proof to support these 
charts. 


8. Russell, J. S. R.: An Experimental Investigation of Eye Movements, 
J. Physiol. 17:1-26, 1894. 
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In man the act of lid closure is widely represented in the motor 
cortex. It is doubtful, however, whether any one ever elicited closing 
of the lids, constriction of the pupil and upward rolling of the globe by 
electrical stimulation of one point in the cerebral cortex. Each of these 
acts may be obtained from different portions of the cortex, but none is 
associated with the other on electrical stimulation of any one of the 
points. Presumably the fibers for the act of lid closure associate them- 
selves with the pyramidal tracts. Whatever their course may be, the 
descending fibers make numerous connections with the reticular substance 
and nuclei of the brain stem. The reticular elements form an integral 
part of the effector apparatus of the brain stem.*° They are primarily 
coordinating centers which provide a final common path to the motor 
centers. When the cortical impulses reach the brain stem they are 
relayed in many directions, connecting with many nuclei, such as the 
facial and oculomotor centers. 

The nucleus of the facial nerve in mammals is large and consists of 
a dorsal and ventral group. Its constituent cells are arranged so as to 
form a varying number of subgroups, which may possibly be concerned 
with innervation of individual facial muscles.‘' From the dorsal portion 
of this nucleus there emerge fibers which innervate the zygomatic and 
orbital groups of muscles. The nucleus of the facial nerve makes numer- 
ous connections in the brain stem with other centers and with the nuclei 
of other cranial nerves, notably the trigeminal. Thus the reflex responses 
obtained on corneal stimulation are carried out at the brain stem level. 

The oculomotor nerve fibers originate in several nuclear groups.’” 
The major incoming fibers to the oculomotor area for the acts of 
upward rolling of the globes and pupillary constriction must be connected 
with fibers going to the facial nerve nucleus for the act of closing of the 
lids. The exact pathway or center for these associated movements, how- 
ever, is still unknown. The popular presumption is that the connection 


of these fiber tracts is by way of the posterior longitudinal bundle, but 
there is no experimental proof. 

9. Penfield, W., and Boldrey, E.: Somatic Motor and Sensory Representation 
in the Cerebral Cortex of Man Studied by Electrical Stimulation, Brain 60:389- 
443 (Dec.) 1937. 

10. Arién-Kappers, C. U.: The Comparative Anatomy of the Nervous System 
of Vertebrates, Including Man, New York, The Macmillan Company, 1936, vol. 1. 

11. Papez, J.: Subdivisions of Facial Nucleus, J. Comp. Neurol. 43:159-191 
(April) 1927. 

12. The exact localization of neurons supplying the various striated voluntary 
ocular muscles through the oculomotor nerve has intrigued many investigators, 
and various schemes of arrangement have been plotted, but recent experiments in 
the neurophysiologic laboratory of Mount Sinai Hospital with the Horsely-Clarke 
technic have thrown doubt on such localization from the functional standpoint. 
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Connections between the nuclei of the facial and oculomotor nerves 
are allegedly made through the posterior longitudinal bundle. Such con- 
nections have been postulated on clinical grounds, and it would seem as 
if the functional associations between the facial and ocular muscles which 
must occur in the acts of lid closing (orbicularis oculi muscle), upward 
rolling of the eyeball (superior rectus and inferior oblique muscles) and 
pupillary constriction (sphincter pupillae muscle) would also be con- 
ducted chiefly through this bundle. 

Experimental section of the posterior longitudinal bundle in monkeys 
produces no conspicuous changes in the movements of the pupil and 
eyelids or in vertical movements of the globe. Muskens ** made no men- 
tion of such disturbances. A lesion in the area of this bundle will produce 
impairment of horizontal conjugate gaze to the ipsilateral side but no 
change in the lid closure or other pupillary reactions. ‘The probability 
is that the pathway for these associated movements lies outside of the 
posterior longitudinal bundle. This problem is being investigated by 
Dr. E. A. Weinstein and me, and the results will be published at a 
later date. 


SUMMARY 


Examples of pupillary constriction associated with lid closure and 
upward rolling of the eyeball are described. Pupillary constriction occurs 
with strong lid closure even though the pupil does not react to light or 
in accommodation. The miosis associated with lid closure is not 
dependent on a cranial nerve mechnaism so long as pupilloconstrictor 
nerve fibers are functioning. The probability is that the lid closure reac- 
tion is an associated or pattern movement which is coordinated in the 
brain stem. 


1165 Park Avenue. 


13. Muskens, L. J. J.: The Anatomico-Physiological Study of the Posterior 
Longitudinal Bundle in Its Relation to Forced Movements, Brain 36:352-426, 
1914. 











TERATOID TUMOR OF CONJUNCTIVA AND OTHER 
DEVELOPMENTAL ANOMALIES WITH NAEVUS 
VERRUCOSUS OF SCALP 


REPORT OF A CASE 


A. RUSSELL SHERMAN, M.D. 
NEWARK, N. J. 


The nature and origin of nevi is a controversial subject. A nevus 
has been defined * in the restricted sense as “a neoplasm containing nevus 
cells” and in the broader sense as “malformations consisting of (1) 
hypertrophy or hyperplasia of normal skin elements in their normal 
locations; (2) the appearance of skin structures or elements in areas 
where they are not normally found.” The latter definition would 
embrace a great variety of conditions. 


The origin of nevus cells has been stated at various times to be 
endothelial, epithelial and mesoblastic and recently by Masson? to be 
neuroectodermal. The literature on the subject tends to overlap that 
on neurofibromatosis, described by Ewing®* as a “disturbance in the 
growth and differentiation of the fetal neuro-ectoderm, and a mal- 
adjustment with the mesoblastic tissue which it innervates.” One’s 
confusion as to the nature of a nevus is not lessened by Rea,* who stated 


in his discussion of phakomatoses, “A phakos is a nevus without nevus 
cells, 9 


A common type of nevus consisting of a group of warty outgrowths 
in the skin is usually called naevus verrucosus. It has often seemed to 
follow the distribution of cutaneous nerves and has received the addi- 
tional names of nerve nevus, naevus linearis, naevus unius lateris and 
neuropathic papilloma. It is referred to by Kaufmann ° as neuropathic 


Read before the New York Academy of Medicine, Section of Ophthalmology, 
March 16, 1942. 

1. Eller, J. J.: Tumors of the Skin, Philadelphia, Lea & Febiger, 1940, p. 71. 

2. Masson, P.: Les naevi pigmentaires, tumeurs nerveuses, Ann. d’anat. path. 
et d’anat. norm. méd.-chir. 63:417, 1926. 


3. Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders 
Company, 1941, p. 159. 


4. Rea, R. L.: Neuro-Ophthalmology, ed. 2, St. Louis, C. V. Mosby Com- 
pany, 1941, p. 361. 


5. Kaufmann, E.: Pathology for Students and Practitioners, translated by 
S. P. Reimann, Philadelphia, P. Blakiston’s Son & Co., 1929, vol. 3, p. 2173. 
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nevus and is considered by Sutton® to be a localized distribution of 
ichthyosis hystrix. 

A patient with such a lesion together and probably associated with 
ocular malformations has been observed: 


A. D., an 18 year old white youth, was first seen Nov. 8, 1941, when he 
stated that since birth he had had a growth in the scalp and red lumps in the 
left eye. 

He was well developed and well nourished and showed nothing abnormal 
except the lesions in the scalp and in the eye (fig. 1). 

In the scalp there was an area 3.5 cm. wide extending back from the hair 
line a distance of 12 cm., lying approximately in the midline and consisting of 
dozens of closely packed warty nodules. At each end this lesion narrowed rather 














Fig. 1—Appearance of (A) left eye and (B) scalp. 


abruptly to a width of 1 cm. Inspection showed slight unevenness of the skin 
on the left side of the forehead, and one could palpate subcutaneous masses, 
which were fairly firm and felt more cordlike than nodular. They projected a 
few millimeters above the adjacent tissues and seemed larger and more widely 
separated from one another than the warty nodules in the hairy portion of the 
scalp. 

Roentgen examination of the skull showed no bony defects, and Dr. Bart M. 
James, who saw the patient in consultation, made the diagnosis of naevus 
verrucosus. 

The skin of the lids was normal. In the bulbar conjunctiva of the right eye 
there was a wedge-shaped, salmon-colored, slightly raised area containing many 
blood vessels. Its apex was at the limbus between 10 and 11 o'clock, and it 


6. Sutton, R. L., and Sutton, R. L., Jr.: Diseases of the Skin, ed. 10, St. 
Louis, C. V. Mosby Company, 1939, p. 574. 
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spread fanwise upward and temporally to the fornix in the region of the lac- 
rimal gland. The cornea, anterior chamber, iris, lens and vitreous were normal. 
There was a peripapillary ectasia which gave the appearance of an enlarged disk 
cupped to 6 D. The fundus was otherwise normal. The central visual acuity 
was 20/20. The peripheral visual field was normal with a 3/300 white object, 
and the blindspot was enlarged, extending from 8 to 23 degrees temporal to the 
fixation point. Its vertical diameter was of practically the same size. The tension 
was 18 mm. (Schigtz). 

The left eye presented a striking picture (fig. 1A). A red, slightly raised, 
fleshy mass 15 mm. in diameter covered the temporal two thirds of the cornea 
and several millimeters of the temporal portion of the sclera. A slightly smaller 
mass was situated nasal to the limbus above the horizontal meridian. The con- 
junctiva of the upper fornix and of the upper portion of the globe was thickened 
and contained a dozen fleshy nodules about 3 to 4 mm. in diameter, most 
numerous nasally, where they were directly contiguous with the mass on the 
upper nasal side of the cornea. Toward the nasal end of the upper lid, above 
the punctum, the bulbar and palpebral conjunctiva were adherent. The tension 
was subnormal to palpation, and the vision was reduced to light perception, with 
faulty projection. 

It was feared that the irregularities in the conjunctiva might interfere with 
the patient’s wearing a glass eye after enucleation, and an investigation of the 
largest lesion was made to see if it could be flattened out. During local anes- 
thesia a vertical incision was made through the center of the lesion, which was 
found to have a wall about 1 mm. thick, containing a round, firm pale structure 
the size of a lentil. This was easily dissected free, and normal-appearing cornea 
was exposed. The overlying lesion was not adherent except along its nasal edge, 
where it was firmly adherent to, and apparently continuous with, the nasal 
surface of the cornea. At this time it was realized that the exposed cornea was 
probably not covered with normal epithelium and might tolerate a glass shell, 
so that enucleation would be unnecessary. The patient was fitted with such a 
shell, which he has been wearing with comfort for several months. 

The excised tissue was sectioned and examined by Dr. B. F. Payne, who 
found it to be composed of “serous glands surrounded by loose areolar tissue 
and dilated endothelial spaces resembling lymphatics” together with “cartilage and 
a few nerves cut obliquely and transversely” (figs. 2 and 3). 


Tumors of this sort have been reported a few times and have been 
classed as teratomas. The majority of them have been composed almost 
entirely of bone (Graefe,” Saemisch,* de Wecker,® Loring,’® Critchett,™ 


7. von Graefe, A.: Tumor im submucésen Gewebe der Lid-Bindehaut von 
eigenthiimlicher Beschaffenheit, Klin. Monatsbl. f. Augenh. 1:23, 1863. 

8. Saemisch, E. T., in Graefe, A., and Saemisch, E. T.: Handbuch der 
gesammten Augenheilkunde, Leipzig, Wilhelm Engelmann, 1876, vol. 4, pt. 2, p. 151. 


9. de Wecker, L., and Landolt, E.: Traité cuines d’ophthalmologie, Paris, 
A. Delahaye et Cie, 1878, vol. 1, pt. 1, p. 427. 


10. Loring, E. G.: A Case of Osteoma of the Conjunctiva, Tr. Am. Ophth. 
Soc. 3:437, 1882. 


11. Critchett, A.: A Case of Bony Tumor of the Conjunctiva, Tr. Ophth. 
Soc. U. Kingdom 2:254, 1882. 
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Snell,?? Prout,?* Hartridge** and Galtier **). 
was observed by Valude.*® 
were cartilaginous tumors. 


A cartilaginous tumor 
Wilson ** reported 2 cases in which there 
The only report found of a case similar 





Fig. 2.—Low 





Fig. 3—Low power view showing nerves. 


12. Snell, S.: 


Bony Tumor of the Conjunctiva, Tr. Ophth. Soc. U. Kingdom 
4:31, 1884. 
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to the one now being presented is that of Schreiber,’* whose patient 
had a subconjunctival tumor containing bone, stratified squamous epi- 
thelium, fat, nerves and striped muscle. 

Such tumors are apparently extremely rare, and the association of this 
structurally complicated one with the nevus of the scalp (itself a tumor 
of obscure nature) is evidence of the complex interrelations of many 
conditions often classed as separate disease entities. 


SUMMARY 


The nature of nevi and their relationship to neurofibromatosis is 
discussed. 

A patient is described who had a large verrucous nevus of the scalp. 
In the right eye was a small vascular lesion of the conjunctiva and a 
peripapillary ectasia of the sclera. There were several tumor masses 
beneath the conjunctiva of the left eye, the largest of which was excised 
and found to be a teratoid tumor, containing glands, nerves and cartilage. 

There are cited from the literature cases of subconjunctival teratoid 
tumors, most of which were osteomas. 


671 Broad Street. 
DISCUSSION 


Dr. A. B. Reese: I wonder whether or not the term teratoma is the 
best one. My impression is that teratoma usually applies to a con- 
genital tumor of well developed embryonal tissue, even to the formation 
of a miniature hand or foot. It is known that mixed tumors do occur 
at the limbus, and I believe that this one more properly would be called 
a mixed tumor or a teratoid tumor. 


Dr. A. RussELL SHERMAN: I should not want to argue with Dr. 
Reese about pathologic histology. It was my impression that mixed 
tumors usually are more mixed; that is, that the tissues are more inter- 
mingled with one another and not so well separated as in this case. 
I agree that the term teratoma is rather sensational to apply to such 
an apparently mild growth as the one in my case, but it has the authority 
of Fuchs, who stated that such tumors may be called teratoma, and of 
Duke-Elder, who called them epibulbar teratoma. 


13. Prout, J. S.: A Case of Osteo-Fibroma-Lipoma of the Conjunctiva, Am. 
J. Ophth. 5:173, 1888. 

14. Hartridge, G.: Osteoma of the Conjunctiva, Tr. Ophth. Soc. U. Kingdom 
15:51, 1895. 

15. Galtier: Ostéome sous-conjonctival, Ann. d’ocul. 118:186, 1895. 

16. Valude: Plaque fibro-cartilagineuse épisclérale, Ann. d’ocul. 121:118, 1899. 

17. Wilson, R. P.: Dermo-Lipoma of the Conjunctiva Containing Cartilage, 
Mem. Ophthalmic Lab. Giza, Ann. Rep. (1938) 18:54, 1940; Bilateral Dermoid 


Tumor of the Limbus with Bilateral Coloboma of the Lid, ibid. (1933) 8:54, 
1934, 


18. Schreiber, L.: Teratoides Osteom, Arch. f. Ophth. 84:420, 1913. 
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INCIDENCE OF GREEN-RED BLINDNESS 


ROBERT C. GRAY, D.Sc. 
GLASGOW, SCOTLAND 


I, SIMPLE THEORY OF INHERITANCE 


A. Statement.—lIt is generally agreed that the green-red sensation 
is carried by the x-chromosomes, of which the female possesses two and 
the male only one. It follows from this that there are females, called 
conductors (or carriers), who have one defective and one normal 
x-chromosome ; they have normal vision but may pass the defect to their 
sons or, through conductor daughters, to grandsons. The proportion of 
color-blind females is therefore much smaller than that of color-blind 
males, while the proportion of conductor females is, as will be shown 
hereafter, nearly twice the proportion of color-blind males. 

It will be assumed in what follows that persons possessing one or 
more defect-carrying x-chromosomes have the same fertility and the same 
mortality as normal persons, that there is no selective mating for or 
against a defect in color vision and that the total mutation rate from 
normal to defective is exactly equal to that from defective to normal. 
If these assumptions are correct, the incidence of green-red blindness 
must remain the same from generation to generation. 


B. Mathematics.—Let m, f and c represent the proportions of color- 
blind males, color-blind females and conductors, respectively ; m is also 
the proportion of defective x-chromosomes in the race. The female has 
a chance m that each of her two x-chromosomes is defective, so that 


To be a conductor involves chance m that the first x-chromosome is defec- 
tive, with simultaneously chance 1—m that the second is normal; in 
‘ addition there is chance 1—m that the first is normal, coupled with 
chance m that the second is defective ; thus 


ae A OO iin o's Sekt aes (2). 


C. Numerical Test—Equation 1 has been given, or assumed, by 
Lenz, Schigtz? (from Waaler), Danforth, Waaler* and France- 





From the Department of Applied Physics, University of Glasgow. 

1. Lenz, F.: Ueber die idioplasmatischen Ursachen der physiologischen und 
pathologischen Sexualcharaktere der Menschen, Arch. f. Rassen- u. Gesellsch.- 
Biol. 9:545, 1912. 


(Footnotes continued on next page) 
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schetti;° it is not quite in accordance with the facts. The two most 
recent, and most trustworthy, statistical surveys of the color-blind 
population are by Waaler * and von Planta.® A synopsis of their results 
is given in table 1. From them it is evident that the theory requires 
modification. 


II. MODIFIED THEORY OF INHERITANCE 
A. Statement.—Four types of defects in color vision are recognized: 


deuteranomaly, deuteranopia, protanomaly and protanopia. From studies 
of females with two defective x-chromosomes, the following facts emerge: 





1. Deuteranomaly is dominant over deuteranopia. 
2. Protanomaly is dominant over protanopia. 


3. A combination of deuteranomaly or deuteranopia in one x-chromo- 
some with protanomaly or protanopia in the other x-chromosome gives 
a pseudonormal vision, although each x-chromosome is defective.’ 


TasBLe 1.—Statistical Surveys of Color-Blind Population 








Percentage Percentage of 
Oo 














No. of Males No. of Females Defective Females 

os ey Defective —— a 

Found Found Males Found Caleulated 
Author Examined Defective Examined Defective m f m ? 
Dike c+ ceeees 9,049 725 9,072 40 8.01 0.44 0.64 
von Planta...... ; 2,000 159 3,000 13 7.95 0.43 0.63 
ee 11,049 884 12,072 53 8.00 0.44 0.64 








A woman with such vision, which is almost indistinguishable from 
normal, has sons who are all color blind but who may belong either 


to the D group (having deuteranomaly and deuteranopia) or to the P 

2. Schigtz, I.: Colour-Blind Females: The Inheritance of Colour-Blindness 
in Man, Brit. J. Ophth. 4:345 and 393, 1920. 

3. Danforth, C. H.: The Problem of Incidence in Color Blindness, Am. 
Naturalist 58:447, 1924. 

4. Waaler, G. H. M.: Ueber die Erblichkeitsverhaltnisse der verschiedenen 
Arten von angeborener Rotgriinblindheit, Ztschr. f. indukt. Abstammungs- und 
Vererbungsl. 45:279, 1927. 

5. Franceschetti, A.: Die Vererbung von Augenleiden, in Schieck, F., and 
Briickner, A.: Kurzes Handbuch der Ophthalmologie, Berlin, Julius Springer, 
1930, vol. 1, p. 757. 

6. von Planta, P.: Die Haufigkeit der angeborenen Farbensinnstérungen bei 
Knaben und Madchen und ihre Festellung durch die tiblichen klinischen .Proben, 
Arch. f. Ophth. 120:253, 1928. 

7. Brunner, W.: Ueber den Vererbungsmodus der verschiedenen Typen der 
angeborenen Rotgriinblindheit, Arch. f. Ophth. 124:1, 1930. Géthlin, G. F.: Con- 
genital Red-Green Abnormality in Colour-Vision, and Congenital Total Colour- 
Blindness, from the Point of View of Heredity, Acta ophth. 2:15, 1924. Waaler.4 


re 


eR ah 


ee GEST OSE. 


J tes 














448 ARCHIVES OF OPHTHALMOLOGY 


group (having protanomaly and protanopia); no color-blind woman 
has been found with sons of the two groups. The absence of women 
with pseudonormal vision from the color-blind class from which f js 
computed is the cause of the difference between f and the calculated 
value of m?. 


B. Mathematics.—Let m, be the proportion of x-chromosomes carry- 


ing the D factor and m, the proportion carrying the P factor. Then one 
has: 


proportion of D males =m 
proportion of P males = me 
i. €. proportion of color-blind males —=m—=m:+m........ (3) 
proportion of DD females —} tr (4) 
proportion of PP females —¢ | re (5) 
proportion of DP females = 2mm: 
i. e€. proportion of color-blind females = f—=m.2+m.?...... (6) 


and proportion of pseudonormal females = 2 mime. 


C. Numerical Verification—One can verify equations 4, 5 and 6 
from the published statistics. In table 2 are given the results obtained 
by combining the figures for color-blind persons given by Waaler with 
those given by von Planta. The difference between the percentage of 
color-blind females actually found and that calculated from the figures 
for color-blind males is well within the experimental error, and it may 
be assumed that the theory given is substantially correct. 


TaBLeE 2.—Combined Figures for the Color Blind (Waaler and von Planta) 








Percentages in Each Group 
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D Group P Group Total Percentages 
rec— Se . 6 a s ~~ A 
Females Females Females 
rc ie al = ‘ c a ‘ 
Males Caleu- Males Caleu- Males Caleu- 
Found Found lated Found Found lated Found Found lated 
Mi fi m?; me fe m?2 mi+m2 fi+f2 m*%1+m*s 
6.08% 0.39% 0.36% 1.97% 0.05% 0.04% 8.00% 0.44% 0.40% 





The proportion of pseudonormal women, calculated from equation 5, 
is 0.24 per cent. The proportions of conductors are given by 


C:=2m:(1—m) and ce =2m2(1—m). 
These equations give the total proportion of conductors as 14.72 per 


cent of the female population ; of these conductors, 11.09 per cent belong 
to the D group and 3.63 per cent to the P group. 


University of Glasgow. 











VISUAL LOSS FOLLOWING DISTANT 
HEMORRHAGE 


MILTON M. SCHEFFLER, M.D. 
CHICAGO 


Visual disturbances following a hemorrhage from any source are of 
two varieties. The first is purely functional and well recognized, gen- 
erally follows closely or immediately after the hemorrhage and is probably 
due to an anemia of the cortical visual centers or, perhaps, of the retina, 
although no fundus changes are seen and the disturbance is usually 
transient. Recovery for the most part begins immediately and is usually 
complete. 

The second variety, which will be discussed here, is rare, especially 
when one considers the common occurrence of a profound loss of blood. 
Fundus lesions are usually present. 

The clinical syndrome was first referred to by Hippocrates. In 1865, 
Haddeus first described it as observed in the profound anemia associated 
with the comatose phase of typhus, and von Graefe, in the same year, 
described it as it appeared in the collapse state of cholera. Knapp 
described its occurrence in a case of whooping cough with unilateral 
involvement. 

From a statistical standpoint, Haab reported 60,000 cases of hemor- 
rhages without a single instance of visual loss, while Dufour reported 
only 1 such instance among 30,000 cases. DeWecker in the Franco- 
Prussian War, did not observe a single case of visual loss following 
bleeding. 

The greatest number of patients are in the age group between young 
adults and persons of middle age. Traquair? stated that the patient is 
usually over 40. Zentmayer * gave the age as from 20 to 50 and further 
stated that the syndrome is more frequent in females for physiologic 
reasons. The greater tendency to hemorrhages from the gastrointestinal 
tract in males, however, more or less equalizes the situation. 

The resulting blindness is usually bilateral, although it is unilateral 
in 15 per cent of the cases (Duke-Elder).* 


From the Department of Ophthalmology, Cook County Hospital. 

1. Traquair, H. M.: Clinical Perimetry, ed. 3, St. Louis, C. V. Mosby 
Company, 1938, p. 182. 

2. Zentmayer, W.: Visual Disturbances from Distant Hemorrhage, J. A. M. A. 
59:1050 (Sept. 21) 1912. 

3. Duke-Elder, W. S.: Textbook of Ophthalmology, St. Louis, C. V. Mosby 
Company, 1941, vol. 3, p. 2556. 
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The visual loss usually occurs in a patient having some physical 
disease and is more frequent when there are recurrent hemorrhages than 
when there is a single large hemorrhage. The patient is generally 
physically debilitated because of the underlying condition. Tidy * stated 
that it is probable that blindness does not follow a hemorrhage in a 
person in good health, especially a single hemorrhage, no matter how 
profuse. As a result, Visual symptoms are seen more commonly after 
gastric or duodenal ulcer, in parturition, in pulmonary tuberculosis and, 
more rarely, after a severe wound. Stirling® has reported a case in 
which they followed an extraction of a tooth. Bistis,* Harbridge* and 
Grimminger * have all reported cases of visual symptoms following 
epistaxis. Zentmayer stated that in 70 per cent of the cases bleeding 
is from the gastrointestinal tract or the uterus. 


CLASSIFICATION OF CASES 

It appears likely that no single factor is responsible for the visual loss 
in all cases. According to pathogenesis, the cases can be classified into 
the following groups: 

Group J.—The causative factor in this group is the anemia resulting 
from the loss of blood, which produces an anoxemia of the tissues. The 
retina and optic nerve are dependent on an adequate blood supply, and 
the anoxemia can thus induce papilledema as well as visual loss. Visual 
recovery is probably most complete in this group. 

One recognizes, however, certain cases in which the pathogenic 
factor is similar but in which the visual loss is apt to be permanent despite 
immediate therapy. It is assumed that the anemia allows the action of 
toxins which were present to play the important role, with resulting 
degeneration of the ganglion cells and, secondarily, of the nerve fiber 
layer of the retina. Terrien ® said he believed this to be the fact, for if 
the loss of blood was the only causative factor, visual disturbances would 
develop immediately rather than later. 


10 


Langdon '° expressed the opinion that the anemia is the sole factor 


in the neuroretinal condition. This view was upheld by Watkins and 
associates,!! who reported a case in which unilateral papilledema followed 


4. Tidy, H. L.: Brit. M. J. 1:774, 1941. 

5. Stirling, J. W.: Ophth. Rev. 23:219, 1904. 

6. Bistis, J.: Arch. d’opht. 28:34, 1908. 

7. Harbridge, D. F.: Am. J. Ophth. 7:192, 1924. 
8. Grimminger: Ztschr. f. Augenh. 57:106, 1925. 


9. Terrien, F., cited by Barr, A. S.: Am. J. Ophth. 17:396, 1934. 





10. Langdon, H. M.: Amaurosis After Uterine Hemorrhage, with Restoration 
of Vision Following Transfusion, Arch. Ophth. 10:99 (July) 1933. 

11. Watkins, C. H.; Wagener, H. P., and Brown, R. W.: Am. J. Ophth. 
24:1374, 1941. 
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repeated gastric hemorrhages and eventually became bilateral, and more 
severe in one eye, after subsequent hemorrhages. There were no visual 
disturbances other than occasional blurred vision. The peripheral fields 
were normal, but there was slight enlargement of the blindspot. They 
have also reported the occasional occurrence of choked disk in the 
various blood dyscrasias. 

Panton ** (1935) investigated 117. consecutive cases of pernicious 
anemia from 1911 to 1920 and found only 2 cases of disturbance of vision. 
In 1 case the association was questionable, while in the second case there 
was rapid loss of vision ending in almost complete blindness and optic 
nerve atrophy. Allbutt and Rolleston** (1909) stated that they had’ 
never seen permanent blindness develop in a case of chlorosis. 

Holden,’* in his experiments on dogs and rabbits, found, one to two 
days after bleeding them, edema of the nerve fiber and ganglion cell 
layers of the retina, with some ganglion cells showing beginning degen- 
eration. After two weeks, advanced degenerative changes were found 
in the nerve fiber layer and in the medullary sheaths of the axis- 
cylinders in the optic nerve, chiasm and tract. No changes were found 
in the ganglion cells of the geniculate bodies, anterior quadrigeminal 
bodies or cortical visual areas. The probable condition is thus a degen- 
eration of the third neuron. These findings were verified experimentally 
by Uhthoff in 1922. 

Goerlitz ** was able to obtain for microscopic study some eyes in 
which blindness occurred a few days after a hemorrhage. He found that 
Holden’s theory of the degeneration of ganglion cells seemed to possess 
substantial possibilities. This theory of retinal ischemia with degen- 
eration of the ganglion cells best explains many of the cases. 

The use of repeated transfusions as a means of stopping the degen- 
eration of the nerve elements and eventually restoring the vision, as 
suggested by Frey,’® was found of value. 

It is likely that a reversible condition exists in that anemia leads to 
edema, which leads to visual loss. When the patient is given trans- 
fusions the anemia is relieved, and as the edema disappears restoration 
of vision occurs. The addition of the toxic factor keeps the condition 
from remaining reversible, and a degenerative process develops in the 

ganglion cells. 


—— 2 


12. Panton, P. N.: Tr. Ophth. Soc. U. Kingdom 55:47, 1935. 


13. Allbutt, T. C., and Rolleston, H. D.: A System of Medicine, London, 
Macmillan & Co., 1909, vol. 5, p. 716. 


14. Holden, W. A.: Arch. Ophth. 28:125, 1899. 
15. Goerlitz: Klin. Monatsbl. f. Augenh. 64:764, 1920. 
16. Frey, W. G.: Am. J. Ophth. 21:491, 1938. 
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The ophthalmoscopic picture in all cases is similar and is generally 
recorded as consisting in the early stages of an edema of the disks which 
may be intense or may be a mere blurring of the margins associated with 
retinal edema of varying degree. The late picture is similar in all groups 
of conditions and is that of a primary or secondary optic nerve atrophy 
with attenuation of the vessels and pallor of the disks. In the most 
severe involvement there may be, in addition, some pigmentary degen- 
eration of the retina. 

The changes in the peripheral field show a great variation. They 
generally reveal a peripheral contraction resulting from degeneration 
of the ganglion cells. 

It is assumed that cortical changes, resulting from the anemia, are 
the cause of homonymous hemianopsia. Traquair has stated that with 
irregular hemianopsia, the point of fixation is also involved. 

Amos‘? reported a unique case in which right homonymous 
hemianopsia followed a uterine hemorrhage and was followed by left 
homonymous hemianopsia following a second uterine hemorrhage, with 
preservation of a minute central field. 

Pincus said that the loss of the lower half of the field is so frequent 
as to be almost characteristic. It is possible that gravitation may be 
responsible for this type of defect. 

Group II.—In these cases the ophthalmoscopic observations may be 
normal or so slightly pathologic as to be negligible, resembling those 
of retrobulbar neuritis. Von Graefe stated the belief that hemorrhage 
into the optic nerve sheath or into the interstitial tissue of the nerve 
is responsible for the visual loss. Knies said that this develops through 
extravasation from the vessels with diseased walls. 

The fields may show a central or paracentral scotoma or even sector- 
shaped defects. 

Group III.—This is the last group of cases, and the visual loss in 
them may be the result of an embolus or a thrombus, which would 
explain the cases of unilateral impairment. The ophthalmoscopic picture 
may be that of a retinal edema with a cherry red spot in the macula. It is 
uncommon to see retinal hemorrhages and, as pointed out by Walker 
and Leinfelder,’* these may be due to the transfusion. 


17. Amos, A. R.: Hemianopsia, Followed by Total Loss of Vision in Both 
Eyes, as a Result of Uterine Hemorrhage from Fibroid Tumor, J. A. M. A. 30:984 
(April 23) 1898. 

18. Walker, G. L., and Leinfelder, P. J.: Retinal Hemorrhage Following Trans- 
fusion, Arch. Ophth. 26:489 (Sept.) 1941. 
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COURSE 


It is not intended to convey the impression that only one type of 
pathologic factor, as described for these groups of cases, exists in each 
case. Doubtless two or more factors coexist or overlap in some cases. 

Clinically, in all groups the patient first complains of blurred vision 
three to eight days after hemorrhage. The longest interval has been 
eighteen to twenty days. The impairment may clear up but recurs with 
other hemorrhages or may be permanent from the start. Terson 
stated that the visual loss occurs in 8.2 per cent of the cases during the 
hemorrhage, in 11.6 per cent immediately after, in 14.2 per cent within 
twelve hours, in 19.2 per cent within two days, in 39.2 per cent between 
three and sixteen days after the hemorrhage and in 7.5 per cent after 
sixteen days. The degree of visual loss varies from blurring to complete 
blindness. 

As to the frequency and character of field changes, Zentmayer’s 
statistics revealed that peripheral contraction developed in 21 per cent 
of the cases, nasal contraction in 3.7 per cent, loss of upper field in 7.4 per 
cent, involvement of the lower field in 23 per cent, hemianopsia in 10 per 
cent and a central scotoma in 13 per cent. 

The prognosis is difficult to evaluate. Improvement did not occur 
in 51 per cent of the cases of gastrointestinal hemorrhages, in 42 per 
cent of the cases of uterine hemorrhages, in 62 per cent of the cases of 
nasal hemorrhages and in 48 per cent of the cases of hemorrhages due 
to wounds. In those in which improvement did occur, its appearance 
varied with the time of the hemorrhage. When the visual disturbance 
occurred with the hemorrhage, improvement occurred in 22 per cent of 
the cases; within twelve hours, in 71 per cent; in twelve hours to ten 
days, in 41.5 per cent, and after ten days, in 50 per cent. 

Tidy and Stirling stated that in 33 per cent of the cases blindness 
was complete and permanent in both eyes, whereas Duke-Elder estimated 
complete blindness in 50 per cent of the cases. No improvement occurred 
from maximum loss in 50 per cent of the cases, while of the 50 per cent 
in which improvement occurred, normal vision was recovered in only 
10 to 12 per cent. In the remainder there were varying degrees of 
improvement. 

Hemorrhages in the retina, especially the macular area, may do con- 
siderable visual damage. With atrophy, of course, the prognosis is bad. 

The treatment is to combat the bleeding and to give transfusions. 
Paracentesis and use of vasodilators have been suggested as aids to 
increase the blood supply. 


19. Terson, A.: Ann. d’ocul. 159:23, 1922. 
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REPORT OF A CASE 


J. O., a 43 year old white man, was admitted to a medical service at Cook 
County Hospital Jan. 23, 1942, complaining of hematemesis of twelve hours’ dura- 
tion, resulting from a peptic ulcer known to him for the past twelve years. Physical 
examination revealed that the patient was acutely ill, with cold, clammy skin and 
a rapid, weak pulse. The blood pressure was low. There were a few rales at the 
base of each lung. 

The laboratory findings were as follows: A test for blood in the stools gave 
a result of 4+. The red cell count was decreased to 1,690,000 and the hemoglobin 
content to 31 per cent. The white cell count was 9,800. The differential count was 
normal. Kahn and Wassermann tests of the blood were negative. The blood 
chemistry was essentially normal. 

The patient was immediately given a transfusion of 500 cc. of whole blood. 
Within the next three days he received 500 cc. on each of two occasions. With 


LE. R.E. 
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Chart 1—The visual fields February 3 with a 3/330 white object. Vision in 
the right eye was 20/13 and in the left counting of fingers at 1 foot (33 cm.). The 
cooperation was good. 


rest in bed and sedation the convalescence was rapid, and the patient was discharged 
Jan. 31, 1942, in good condition, eight days after entering the hospital. 

Approximately nine to ten days after the onset of bleeding, the patient on 
awakening noticed a blurring of vision of the left eye. He was aware that he no 
longer could see objects on the nasal side of the left eye. 

He was seen in the outpatient clinic of the department of ophthalmology of 
Cook County Hospital on February 3. Examination revealed that the vision in 
the left eye was decreased to counting of fingers at 1 foot (33 cm.) and that the 
vision in the right eye was normal. The left pupil, slightly larger than the right, 
did not react to direct light. Examination of the fundi showed a mild edema of the 
right disk, especially noticeable on the nasal and superior nasal aspect, and a 
papilledema of 1 to 2 D. on the left. Along the superior nasal vessels of the right 
fundus, just off the disk was a linear superficial hemorrhage, and temporal to the 
left disk were several resolving hemorrhages. The veins were slightly engorged. 

The peripheral fields revealed a sector defect in the upper nasal portion in the 
right eye and an almost complete nasal defect, which included the fixation point. 
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in the left eye. (chart 1). Neurologic examination and roentgenograms of the 
skull revealed essentially normal conditions. 

The patient was seen one week later, at which time the papilledema was resolv- 
ing. The left nerve head was somewhat pale, suggesting a beginning secondary 
atrophy of the optic nerve. 

Seventeen days after the onset of visual disturbances, the vision of the left eye 
had improved to 2/200. The edema of the right disk was practically gone, and 
there was a pronounced decrease in the edema of the left disk, although the pallor 
of this disk was more evident. The peripheral and central fields were similar to 
those taken on admission, with the exception of some: further depression of the 
right field for form (chart 2). 

Unfortunately, the patient failed to return for further reexamination, and it 
was impossible to determine the degree of restoration of vision. 


L.E. R.E. 





Chart 2.—The visual fields February 19 with a 3/330 white object. Vision in 
the right eye was 20/13 and in the left 2/200. The cooperation was good. 


COMMENT 


In the case presented, bilateral involvement but unilateral visual loss 
were revealed on the ninth to tenth day after recurrent hemorrhages 
from a peptic ulcer. 

This case may be classified in group I. The objective findings and 
clinical course, as well as the examination of the visual fields, readily 
suggest such a classification. It is likely that an additional factor was 
instrumental in the production of the permanent visual loss. As a result 
of the peptic ulcer, a toxic state existed, which was allowed to act in the 
presence of the profound anemia. The degeneration of the ganglion 
cells thus became accelerated and irreversible despite the interesting fact 
that the patient received a total of 1,500 cc. of whole blood within two 
to three days after hospitalization. There was nothing to suggest an 
embolus or a thrombus. 
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SUMMARY AND CONCLUSIONS 


Visual loss following distant hemorrhage is a rare but well known 
clinical syndrome. 

The condition is most prevalent in the age group between adolescence 
and middle life, occurring with equal frequency in the two sexes. It is 
usually bilateral and follows recurrent losses of blood from medica] 
conditions. 

No single factor is responsible for the visual loss in all cases, and a 
pathogenic classification, is suggested. 

The visual loss generally follows the hemorrhage within three to 
eight days. 

The prognosis is poor in 50 per cent of the cases but is difficult 
to evaluate. 

Immediate blood transfusions are extremely important in combating 
retinal ischemia. 

The frequency and the character of the field changes are discussed. 

A case of unilateral visual loss with bilateral involvement following 
repeated gastric hemorrhages, which persisted in spite of repeated blood 
transfusions, is presented. 

It is suggested that the visual loss resulted from edema and degen- 
eration of the ganglion cells associated with a toxic factor. 


Drs. William F. Moncrieff and Sanford R. Gifford, attending ophthalmologists 
at Cook County Hospital, gave valuable suggestions in the preparation of this paper. 


1825 West Harrison Street 











PRESSURE IN CENTRAL ARTERY OF 
RETINA IN ALLERGY 


WITH DESCRIPTION OF A NEW OPHTHALMODYNAMOMETER 


ADOLF GUTMANN, M.D. 
Oculist at the Time Clinic for Internal Diseases, Hospital of San Salvador. 
SANTIAGO, CHILE 


Bailliart,‘ inventor of the so-called mo-ophthalmodynamometer, a 
practical and important instrument, on examining with Magitot and other 
collaborators the pressure in the central artery of the retina in different 
diseases of the eye, ascertained an increase of the pressure in this artery 
to which no increase in other arteries of the body corresponded. The 
studies of Professor Espildora-Luque,’ of the clinic for ocular diseases, 
University of Chile, Santiago, refer to the same increase, which he 
verified in his own patients. 

The reduction scale of Muller, Briining and Mohr represents an 
improvement on that of Bailliart. It serves to reduce the numbers in 
grams of the dynamometer to millimeters (mercury). The mentioned 
authors based their scale on observations of the haman eye which gave 
them much smaller intervals than those of Bailliart’s scale, who drew 
his values from the study of the eyes of cats. 

While Bailliart’s apparatus records only 10’s of grams, the ophthalmo- 
dynamometer as improved by me records intervals of 5 Gm., which 
apply much better to Miiller’s scale and supply exacter values. Compar- 
ing my recent researches by means of my own dynamometer and Miiller’s 
scale with those made with Bailliart’s instrument and scale, one will 
realize the greater exactness of the former, indicating differences down to 
10 mm. (mercury). 

As my dynamometer records from 15 to 150 Gm., it allows the 
pressure of the central vein of the retina to be measured. It consists of 
a nickeled metal cylinder about 10 cm. long and 1.5 cm. in diameter. 
At one end there protrudes from the cylinder a small metal rod about 
4 cm. long. When this rod is pressed against the sclera of the eye, 
at the other end of the cylinder a sliding tongue comes out on which 
a scale from 45 to 150 Gm., recording intervals of 5 Gm., is marked. 








1. Bailliart, P.: La circulation rétinienne a 1’état. normal et a l’état patho- 
logique, Paris, Gaston Doin, 1923. 

2. Espildora-Luque, C.: L’hypertension, artérielle rétinienne solitaire, Tr. 
Internat. Ophth. Cong. (1937) 2:156-182, 1938. 
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Together with Dr. Ayala, of Santiago, I* examined with this 
instrument 150 patients suffering from different internal diseases: car- 
diac insufficiency, aortic insufficiency, general hypertension in the arteries, 
acute and chronic nephritis and diseases of the lungs and the blood. Dr, 
Ayala, by auscultatory and oscillometric methods, examined the pressure 
of the humeral and of the tibial artery, while with my apparatus, | 
ascertained the pressure in the central artery of the retina and examined 
the condition of the eyeground. The details and results of these investi- 
gations were published by Dr. Ayala in his approbation study sub- 
mitted to the Medical School of the University of Chile, Santiago. 
The mentioned study is the result of our common research work. 

Further, between September 1940 and February 1941 we examined 
10 patients suffering from allergy. Nine of them had asthma and 1 
rhinitis and allergic conjunctivitis (spring hay fever). As there exist 








Improved ophthalmodynamometer. 


no special studies on the pressure of the central artery of the eye in 
cases of allergy, our observations will certainly meet with interest. 

Measuring by auscultation the pressure of the humeral artery in 
systole, we found a pressure in 1 patient, 30 years old, of 150 mm. 
of mercury ; in 1 patient, 36 years old, of 180 mm.; in 3 patients, 40, 47 
and 50 years old, respectively, of about 160 mm., and in 1 patient, 58 
vears old, of 170 mm. 

While 6 patients exhibited a pressure of 150 mm. or higher, and 4 
a pressure slightly lower than this, only 1 patient had normal pressure 
in the humeral artery. 

Examining the systolic pressure of the central artery of the retina, 
I was surprised at finding the following high values: 8 of our patients 


3. Ayala, and Gutmann, A.: La presién de la rateria central de la rétina 
en relacién con las presiones auscultatorias humerales, oscilatorias humerales y 
tibiales superiores y sontomas subjectivos cefalicos, en diferentes enfermedades 
de medicine interna, Santiago, Publaciones de la Universidad de Chile, 1941. 
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showed a systolic pressure in the central artery of the retina higher than 
100 mm. of mercury. In only 2 did the pressure remain under 100 mm. 
(94 and 85.5 mm., respectively). The values for the diastolic pressure, 
too, were elevated, though only slightly. A comparison of values is 
shown in the following tabulation: 





Central Artery of Retina Humeral Artery (Ausculatory Method ) 
a ee ee —— = wh _ 
Extreme Extreme Mean 
(Over 110) Mean Systolic Pressure 18 

97.2 15.2 
84 12.5 
Diastolic Pressure 12 
90 10 
69.7 8 
49.5 


The high values induced me to make further investigations. I 
experimented on rabbits, sensitized by an injection of 2.5 cc. of steri- 
lized horse serum injected into the marginal vein of the ear. 


Before the injection I examined the eyeground of each rabbit and with my 
ophthalmodynamometer the pressure of the central artery of the retina. I used 


? 


5 rabbits, 3 of which were albinos. Since in rabbits the central artery of the 
retina is ramified before entering the optic nerve, a trunk does not exist and the 
examination of the diastolic pressure does not reveal any pulsation. The diminu- 
tion of the blood column caused by the pressure of the ophthalmodynamometer 
I considered as equivalent to the diastolic pressure. 


The following values (in millimeters of mercury) were obtained 
before the sensitization : 3 albinos, systolic pressure 62.1, 62.1 and 59, and 
diastolic pressure 40.3, 45.8 and 49.5; 1 brown rabbit, systolic pressure 
62 and diastolic pressure 45; 1 gray rabbit, systolic pressure 59 and 
diastolic pressure 49.5 

The tone of the eyeball, measured by the Schigtz tonometer, amounted 
to 20 mm. of mercury in all rabbits. 

Between fourteen and twenty-eight days after the injections, ophthal- 
moscopic examination revealed a pronounced dilatation of the choroidal 
vessels. As previously observed, the diastolic pressure was recognized 
not as a pulsation of the artery but as a diminution of the blood column, 
while in all the rabbits the systolic pressure could be made visible, 


though only by exercising considerable pressure with the ophthalmo- 
dynamometer. As indicated, the systolic pressure of the retinal artery 
before the injections amounted to about 62 mm. It rose to 110 mm. 
as measured between fourteen and twenty-eight days after the sensitizing 
injection. These statements refer only ‘to the albinos. The brown rabbit 
exhibited a systolic pressure of 81 and the gray a pressure of 71 mm., 
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i.e., decidedly increased values, too. In all the rabbits I found slightly 
elevated values for the diastolic pressure (50 to 60 mm.). 

Pathologic change in the general condition of the body could not be 
traced in any of the sensitized rabbits. 

Our clinical examinations and the experiments on rabbits demon- 
strate that in allergic patients there exists a considerable elevation of 
the systolic pressure in the central artery of the retina, an elevation 
higher than we found in the other patients suffering from internal 
diseases. As proved by examination of the rabbits before and after the 
artificial allergic sensitization, the high pressure in the central artery of 
the retina is caused by the allergic condition alone. In 1904 Mueller 
presented before the Ophthalmologic Society of Berlin a patient suffering 
from hemorrhages of the retina for which no cause could be claimed but 
allergy. The nasal mucous membrane and the conjunctiva were the 
affected organs. It is with special satisfaction that I submit the mentioned 
cases of 10 allergic patients with pronounced hypertension of the central 
artery of the retina, furnishing at the same time the proof based on 
experiments on rabbits that this hypertension is due to the allergic con- 
dition alone. As far as I know these are the first fully explained cases 
in the ophthalmologic literature. 


242 Casilla. 














EYE AS A FACTOR IN WARTIME LIGHTING 


C. E. FERREE, Px.D.+ 
AND 
G. RAND, Px.D. 
BALTIMORE 


There will in all probability be two aspects of wartime lighting: 
lighting for efficiency and lighting for protection. 


LIGHTING FOR EFFICIENCY 

The chief interest in lighting for efficiency will probably be in 
industrial lighting to increase the speed of production. As one of the 
ways of accomplishing this purpose, high intensities will doubtless be 
used, perhaps excessively high. These intensities will be fatiguing to 
the eye unless special care is taken to have well diffused light and to 
eliminate all glare and high brightness from the lighting fixtures them- 
selves and from the field of view. For eliminating glare and high bright- 
ness a suitable use of glare baffles, or louvers, should be made. There 
is great need in wartime for a special development of louvered low 
brightness lighting. Even with the glare eliminated from the fixtures 
and the field of view, the use of excessive intensities of light on the plane 
of work and the object to be illuminated will prove fatiguing and uncom- 
fortable to the eye over a period of time. In this, of course, a great deal 
of individual difference will be shown. In examining a large number 
of persons to determine the intensities of light that are comfortable, 
one of the most striking results we have obtained is the wide range of 
scatter for different ages and for different persons within an age group. 

We have said that in general well diffused light should be used. There 
are some instances in local lighting, however, in which a higher visibility 
of the work is given by light that is not diffused than by light that is 
diffused, for example in the reading of a vernier scale on metal and in 
the detection of scratches or flaws on the surface of metals. The problem 
in such instances is the forming of shadows and their detection. This can 
best be done when the scratches or flaws are on a specularly reflecting 
surface and the light is directed, not diffused. It should be remembered, 
too, that industrial efficiency can be promoted by giving proper attention 
to securing the most favorable conditions in the work itself as well as 
in its illumination, for example, the surfacing (finishing, painting, etc.) 
of machines in such a way as to make the more significant parts stand 
out clearly from each other and from their surroundings. 





+Dr. Ferree died July 26, 1942. 
From the Research Laboratory of Physiological Optics. 
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We have also said that in industrial lighting, fixtures provided with 
glare baffles, or louvers, for the protection of the eye against glare should 
be used. These may be inset or partially inset in the ceiling, installed 
on the ceiling, suspended from the ceiling at a suitable distance from 
it or positioned directly over the work. In the fixture partially inset 
in the ceiling or installed on it louvers can be used both across the 
bottom of the opening and in the sides of the fixture. Those in the sides 
when inclined at a suitable angle toward the ceiling not only will serve 
as a protection against glare but will provide an even and pleasing 
illumination of the ceiling and upper parts of the room, thus remedying 
one of the important defects of totally direct lighting. It is assumed that 
totally indirect lighting is not feasible for the greater part of industrial 








Fig. 1.—Vertical section of fixture for installing over machines, provided with 
louvers across the bottom for protection from glare and on the sides to give both 
protection from glare and a wider spread of light. Three types of louver con- 
struction for the bottom of the fixture are shown. 


work. It is also assumed that for a large part of industrial work general 
illumination alone will not be entirely satisfactory. The best results 
should be obtained by providing good general illumination of evenly 
distributed, well diffused light with complete elimination of glare and 
high brightness from the field of view and by supplementing this with 
local lighting where it is needed, e. g., over machines and work requiring 
special lighting effects. A good fixture for installing over machines is 
shown in figure 1. This fixture, it will be seen, is provided with louvers 
across the bottom to insure protection from glare from the opening 
of the fixture and louvers on the sides slanted downward to give both 
protection from glare and a wider spread of light. 
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A most important aspect of good lighting, particularly where high 
intensities are used, is the elimination of glare on the work. Three 
important factors in glare from the work are color of light, diffuseness of 
light and direction of light or angle at which it falls on the work. For 
example, glare from the work comes at much lower intensities for 
mazda light than for daylight, owing partly to the color of the light and 
partly to the difference in diffuseness between daylight and the illumina- 
tion given by artificial lighting devices. Mazda light is yellowish. Yellow 
light becomes glaring at lower intensities than white light. A higher 
susceptibility to glare is one of the ways in which the eye shows its 
intolerance for colored light. Mazda light is poorly diffused as compared 
with daylight. In light not well diffused the presence of the unscattered 
beams of light tends unduly to produce glare because of specular 
reflection, the tendency taking the form of shine when the specular reflec- 
tion is even and of sparkle points when it is uneven. As to direction of 
light, it should be such, particularly if the light is not well diffused, 
that none of the light specularly reflected enters the eye. Only light 
diffusely reflected can form an image of the work on the retina. The 
eye adjusted for the distance of the work cannot focus light specularly 
reflected which comes from an optically greater distance, and even if it 
could, an image of the source would be formed, not of the work. Light 
specularly reflected if it entered the eye would form an overlay of 
unfocused light, a veiling glare, which would serve only to blur and 
confuse the details in the image. Of the three possible ways of reducing 
glare from the work, control of the direction of light and of the diffuse- 
ness of light and elimination of specular reflection by polarization 
(use of Polaroid glass), the proper control of direction of light is 
much the most effective, the most feasible and the least expensive. 
This control can, of course, be best utilized in local lighting. Control of 
diffuseness of light has most to be depended on in general lighting. It 
may be noted in passing that, while glare from the work may be reduced, 
it can never be completely eliminated by diffusing the light falling 
on the work. When the number of angles at which the light falls on the 
work is multiplied, the number of angles at which it is specularly reflected 
from the work is correspondingly multiplied, and, therefore, when 
the light is diffused, the amount of light specularly reflected in any given 
direction or entering the eye in any given position is correspondingly 
decreased. But, as already stated, it is never reduced to zero, nor is 
glare ever completely eliminated by this means. 

For the elimination of glare in local lighting both from the work 
and from the source of light, we have devised a simple and effective 
fixture. It consists of an oblong housing in the open front of which 
are installed rotatable horizontal vanes of such a breadth and spacing 
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that the aperture may stand wide open or be completely closed. These 
vanes are made so that they can be turned, or adjusted, separately jn 
order to vary the spread of light over the working surface. That is, a 
wide or narrow spread of light can be had as may be desired. A further 
purpose of the vanes is to shield the eye from all glare from the opening 
of the fixture. Better to accomplish this purpose they are surfaced in 
mat black. Inside the housing at the center of each end is installed a 
well frosted lamp, bulb horizontal. Further to aid in the elimination 
of shadows from the vanes, a diffusing plate may be placed across the 
opening just behind the vanes. The fixture can be mounted on an 
upright clamped to the machine, table or desk that is to be illuminated, 
or it can be mounted on a floor stand. The mounting is such that the 
fixture can be turned to right or left at any angle desired. With this 
fixture all glare from the source of light is eliminated, and by a suitable 
turning of the fixture the light can be so directed on the plane of work 
that none, or at most a negligible amount, of the light specularly reflected 
from its surface can possibly enter the eye. Thus the glare from specular 
reflection can be completely eliminated or reduced to a negligible amount. 
So far as we know, use of our fixture is the only way this result can 
he achieved in either general or local lighting. Further, this acme of 
good lighting can be accomplished with a minimum of trouble and 
expense. 

Fluorescent, or tube, lighting as well as incandescent lighting will 
doubtless be used a great deal in wartime industrial lighting. Points 
to be considered are: 1. Color and composition of the light. In general 
it may be said that tests of the effect on the welfare and comfort of the 
eye such as have been made for incandescent lighting have not as yet 
been made for fluorescent lighting. Tests have shown, however, that 
it is not safe to tinker with the color and composition of light without 
an adequate checking up of its effect on the eye. The eye has grown 
up under daylight, and it has been abundantly shown by use and by 
test that daylight is the best for it. We have called light having the 
spectrophotometric composition of daylight balanced for the eye and 
said that such spectrophotometric composition should be accepted as 
standard for the eye. Mazda light, for example, is a deviation from this 
standard toward the yellow and orange; but we have found that this 
deviation is not so fatiguing for the eye as a deviation toward the 
opposite end of the spectrum—toward the green and blue. Filtration 
through blue glass is commonly thought to be a beneficial corrective for 
the color of mazda light. We have shown by test, however, that the 
light from the commercial blue bulb lamp, although it seems to have 
more nearly the color of daylight than has mazda light, is more fatiguing 
to the eye than mazda light. In confirmation, a spectrophotometric 
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examination of the light from the blue bulb lamp showed that, while the 
excess of yellow and orange was removed from the light, there was a 
pronounced hump in the spectrophotometric curve in the green region 
of the spectrum. Also, a close examination by the eye of the reading 
page illuminated by the blue bulb lamp showed that the color of the page 
was unbalanced toward the green. Green and greenish light when used 
as an illuminant we have always found to be fatiguing and uncomfortable 
to the eye. Light having an excess of green is not good to work by. 
Blue glass is a beneficial corrective only if it is properly selected—the 
Macbeth filters, for example, for producing artificial daylight. The 
effect on the eye of the particular type of fluorescent light that is to 
be used should, therefore, be checked up before it can be given an 
unqualified recommendation. 2. The lighting fixture. Fixtures for the 
fluorescent tube are as yet in a crude stage of development. Much of 
the lighting with this tube is in a stage of development somewhat similar 
to that of incandescent lighting when only an unshaded, or bare bulb, 
lamp was used. Little provision has been made for the protection of 
the eye against glare and high brightness. Before such lighting can be 
considered as entirely acceptable, it must go through stages of develop- 
ment similar to those that have made mazda lighting satisfactory from 
the standpoint of lighting effects. 

In the preparation for war much stress is being laid on mechanical 
equipment and in comparison too little, perhaps, on the ultimate impor- 
tance of man power and how best to conserve and make the most of it. 
In any event, full consideration should be given to the effect of lighting 
conditions on the welfare and on the preservation of the fitness of the 
workers. 

LIGHTING FOR PROTECTION 

Quite independent of what are called black-out devices (the curtain- 
ing and painting of windows and skylights or their complete elimination 
in the construction of the building), there may be a protective aspect in 
the planning of the lighting fixture. Fortunately, the provisions needed 
for protection are practically identical with those needed for the welfare 
of the eye. That is, these provisions will eliminate all glare and high 
brightness from the fixture itself and from the room illuminated and 
will tend to confine the light to the room illuminated. The glare baffle 
and louver constructions that are needed for the protection of the eye 
of the worker will serve a useful purpose for wartime protection. 
Louvered low brightness lighting will serve the double purpose of giving 
wartime protection and the needed ocular protection. 

Perhaps the principles of protective lighting can be more readily 
understood if they are considered in relation to a concrete example. 


Hospital lighting is probably the most suitable for discussion, because 
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in it protective lighting should have its highest development. There 
should be a maximum of protection for the eye and also the utmost in 
protection from danger from the air—both, however, having to be 
provided within the limits of the hospital situation. Again the emphasis 
is on low brightness lighting. The light should be evenly distributed 
and well diffused; all glare and high brightness completely eliminated 
from the source of light, the fixtures and every part of the illuminated 
field, and the intensity of light carefullly adjusted to meet the needs of 
the sickroom. These features are not only needed in general for pro- 
tection in wartime but are essential to the comfort and welfare of the 
patients, particularly in the wards. Still further, as already stated, as 
a special wartime protection the light should be confined, as far as 








Fig. 2.—The louvered direct-indirect fixture, vertical section 


possible, to the room illuminated. In addition, there should be 
auxiliary night light of low visibility and with an adequate proportion 
of wavelengths that have a low power of penetrating the external 
atmosphere. For convenience the provisions for attaining these 
objectives should all be embodied in the same lighting fixture. They 
are all embodied in the fixture shown in figure 2. 

This fixture was devised by us at the request of the director of a 
leading hospital for a glareless light for use in hospital wards. The 
lighting given by it is a new type, which may be called louvered direct- 
indirect. The purpose was to devise a fixture which would combine 
all the advantages of direct and of indirect lighting and at the same time 
correct, as far as possible, their faults and deficiencies. 

Some of the results achieved are: 1. A better balanced distribution 
of light than is obtained in either direct or indirect lighting. In indirect 
lighting the ceiling and upper part of the room are too light and the 
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jower part is too dark. In direct lighting the converse is true, the lower 
part of the room is proportionately too light and the upper part and 
ceiling are too dark. In the fixture shown in figure 2 it will be seen 
that there is an aperture of suitable size at the bottom of an indirect 
fixture to allow part of the light to pass downward. In order that the 
proportion passing in either direction may be varied as desired, a socket 
adjuster is provided for changing the height of the lamp in the fixture. 
2. The complete elimination of all glare and high brightness from the 
source of light, the fixture and every part of the field of view. In indirect 
lighting the intention is to protect the eyes from glare by turning the 
opening of the reflector toward the ceiling. This procedure is round- 
about and wasteful of light. Further, for enough light to be provided 
on the plane of work the ceiling must in most cases be made too bright, 
a secondary source of glare thus being created. This, although better 
than the glare from bright lights, is not good, especially in a hospital, 
where the ceiling forms a large part of the field of view of the patient 
lying in bed. If a part of the light is allowed to pass downward, the 
ceiling need not be made harmfully bright in order that enough light 
will be provided on the working plane and on objects in the middle 
and lower parts of the room, particularly in hospital lighting.» Other 
troublesome sources of glare in indirect lighting are the neck of the 
lamp, the socket and the metal parts above, high lighted from the upper 
part of the bulb. These we have guarded against by enclosing the neck 
of the lamp in a narrow tubular shield flaring by a suitable amount at 
the bottom. In totally direct lighting there is no protection from the 
glare of the opening of the reflector. In the fixture shown in figure 
2 it may be seen that protection from glare is afforded in every direction 
but that of an eye directly or nearly directly beneath, looking upward, 
by a glare baffle, or louver, construction across the opening in the 
bottom of the fixture. The protection is made complete by the surfacing 
of all parts of the louver in mat black. With such surfacing, no higher 
brightness than a soft silvery sheen is seen when a high wattage lamp 
is used. When a lamp of a wattage suitable for hospital lighting is 
used, no higher brightness is in the patient’s field of view than that of a 
softly, evenly illuminated ceiling. The effect on the patient is gratifying, 
particularly in hospital wards, the satisfactory lighting of which has 
heretofore presented an unsolved problem. The louver, or baffle, con- 
struction may be any one of the three types shown in figure 1. 3. A 
high degree of diffuseness of light. The upward component of light, 








1. In this connection it may be said that there is enough light directly beneath 
the fixture for reading a thermometer, making and reading notes, etc., even with 
the small amount of illumination that is required for complete comfort in hospital 
wards. This would be wholly impossible with indirect lighting. 
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having undergone one or more reflections before it reaches the working 
plane and the eyes of the patient, has been given excellent diffusion, 
This is one of the best features of indirect lighting. The downward 
component of light passes through a diffusing means which should be 
the best obtainable and positioned as closely as possible above the baffle 
construction. In these two ways a soft, evenly distributed illumination 
is obtained, which completes the picture of comfortable, hygienic lighting 
ior hospitals. 4. The confinement of the light to the room illuminated 
as far as is possible with any fixture construction that would be 
acceptable in good hospital lighting. The light passing vertically upward 
is reflected downward, and the light passing obliquely upward is reflected 
by the ceiling to the upper walls and from there back into the room. 
The light passing downward is confined to the vertical, or near vertical, 
by the louver construction across the opening in the bottom of the 
fixture. Thus, no light is radiated directly through the windows, and 
comparatively little reflected light passes through them. Little more 
than this, it seems to us, can be done toward wartime protection in 
lighting by a fixture construction that would be suitable for the illumi- 
nation of hospital rooms and similar types of enclosures. 

There is a pressing need in hospital lighting for an auxiliary night 
light of such low intensity that it will not prevent patients from sleeping 
or disturb patients who are asleep. In the fixture shown in figure 2 
this is provided for by two small lamps in diametrically opposite positions 
within the fixture. These lamps should be of the lowest possible wattage 
and on a separate circuit from the primary lamp. Two are used instead 
of one so that no shadow will be cast on the ceiling by the primary 
lamp. In order that the night light shall have low power to penetrate 
the external atmosphere, for wartime protection, the bulbs may, for 
example, be of dark blue glass or be colored by a dark blue, heat-resisting 
dip. In addition to its protective value this type of illumination, when 
the intensity is low and the bulbs are suitably colored, has the advantage 
of giving a dim moonlight effect which is rather soothing and som- 
niferous to the patient. With this combination of night lamps and 
fixture, when the light is made of the lowest possible intensity little if 
any special curtaining is needed to produce an effective black-out. The 
combination is more than adequate for what is called semi-black-out 
lighting. Ordinary black-out devices are difficult to provide and manage 
in a hospital for many reasons—convenience of operation, sanitation, 
continuity of operation, ventilation, etc. If in order to decrease both 
the amount and the spread of the illumination it should be desired to 
shut off completely the upward component in the night light, this can 
be accomplished by blacking or otherwise light-proofing the upper half 
of the bulbs. Further, by extending the blacking, the downward com- 
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nent may be reduced as near to the threshold of vision as may be 
wanted. With this treatment of the night lamps in conjunction with the 
light-confining action, of the fixture, every possible degree of black-out 
can be produced without resort to special curtaining. The lamps that 
are used with this method of controlling the intensity and spread of the 
illumination may of course be colorless or of any color that is preferred. 

The need for protective lighting in hospitals is acute. Also, a pro- 
tective provision in the lighting itself is of great value in the night 
lighting of many places. As already indicated, there is, we believe, an 
important need for the special development of louvered, low brightness 
lighting for protection in time of war. 


COLOR AND COMPOSITION OF LIGHT IN RELATION 
TO THE BLACK-OUT 


In the selection of a color for a protective night light the ocular 
factors as well as power to penetrate the external atmosphere should be 
taken into consideration, namely, the comparative sensitivity of the 
eye to colored lights at low intensity, visual acuity at low intensity and 
the adaptation factors. Principally because of the ocular factors, deep 
red has recently been recommended as superior to the formerly widely 
accepted dark blue light. The question is intricate and interesting and 
in its btoader aspects is still an open one. It is extremely interesting 
in its relation to the visual functions, and the practical applications are 
of course important. 

Deep red would hardly be acceptable as a night light for the illumi- 
nation of many interiors, for example the lighting of hospitals. As a 
night light for hospitals we have used with considerable satisfaction light 
approximating the color of a low brightness kerosene flame. This is 
not too unpleasant and is distinctly somniferous. The possibility of 
using heavily frosted, colorless bulbs should not, of course, be ignored. 
In fact, we believe that a comparison of test results will show in their 
favor. However, without the use of color it is difficult to get light of 
sufficiently low intensity with the lamps that are available. 

As to the suitability of blue as a color for nighttime protection, it 
should be kept in mind that dark blue is the least distinguishable from 
dark gray and black of any of the shades of color and that the illumi- 
nation of an interior with blue light by a suitable regulation of intensity 
and hue can be given a dim moonlight effect which differs little in color 
from the exterior illumination on a moonlight night. Further, even if 
the brightness of the colors is selective to intensity and blue is seen as 
relatively lighter at low levels of intensity and with a dark-adapted eye 
than are the colors in the opposite half of the spectrum, this subjective 
effect can be compensated by reducing by a corresponding amount the 
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intensity of the blue light. Thinking on this subject should, therefore, 
not be confused by too serious a consideration of the Purkinje phe- 
nomenon. Of the colors, red perhaps differs most in quality from black, 
and for that reason red light stands out most vividly and strikingly from 
its background on a dark night. This is doubtless one of the reasons 
why red is chosen as a danger signal at night and might be offered as 
an important reason for not using red as a black-out or protective light 
in wartime. On the other hand, in favor of red the photochromatic 
interval should be taken into account. That is, below the threshold of 
color over a small range of intensity red light is not sensed as colorless, 
as are other colored lights. The question also should be raised of the 
relative visual acuity for blue and for red light at low intensities.? 


2. Against the use of blue light the argument has been advanced that the eye 
is at a disadvantage in focusing blue light. One controversialist has even said 
that the eye cannot focus blue light. With respect to focusing, the facts are: The 
emmetropic (normal) eye focuses parallel rays of blue light (i. e., objects at a 
distance of 20 feet [610 cm.] or more) slightly in front of the retina. At some 
point nearer than 20 feet the rays diverge sufficiently to focus on the retina. This 
may be called the far point for blue light. For still nearer objects, until the near 
point of vision is reached, the rays diverge progressively more and more and require 
the lens of the eye to adjust (accommodate) for the respective distances. The 
near point for blue light is closer to the eye than that for red; i. e., objects can be 
seen nearer the eye for blue than for red light. The focal point for parallel rays 
of red light for the emmetropic eye is behind the retina. For all distances, there- 
fore, the eye has to accommodate for red light. The comparative situation, then, 
is (a) that for blue light the emmetropic eye cannot focus for objects at a dis- 
tance of 20 feet or more and fe ‘d light accommodation is required for objects at 
all distances and (b) that the eye can see objects closer with blue light than with 
red light. Further, for uncorrected myopes (near-sighted persons) the eve with 
respect to focusing is better off with red light than with blue, and for uncorrected 
hyperopes (far-sighted persons) the converse is true, the eye is better off with blue 
light than with red. These conclusions, based on the physical situation, are borne 
out by the results which we have obtained in regard to visual acuity and speed of 
vision, with these two colored lights for hyperopic, myopic and emmetropic eyes. 

The following points may also be noted: 1. Because of the comparatively small 
amount of diffraction for blue light, its effective power to give clear imaging for 
distances within the far point for blue is well recognized. This advantage is not 
had by deep red light. With respect to unclearness of imaging caused by diffrac- 
tion, deep red light is the worst of the spectrum colors. 2. The disadvantage as 
to the coordination of accommodation and convergence is about equal for blue and 
for red light. Complete coordination can be expected only for the wavelengths in 
the midregion of the spectrum. The complete coordination of convergence and 
accommodation is, it may be noted, important to comfort, efficiency and speed in 
the use of the eyes. 3. It has been argued that red light serves to light-adapt the 
eye less than blue light; that, therefore, the eye retains its sensitivity to light 
better under red light than under blue, and that, correspondingly, red light has an 
advantage over blue in the seeing of objects. At the low intensities in question this 


(Footnote continued on next page) 
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Clearly the choice cannot be left to inference from scattered though 
related observations and experiments. It is a matter of direct test 
with as little as possible left to inference. 

The problem is to select that color or composition of light which 
will be of the greatest use in the discrimination of detail in nearby 
objects and will have the least visibility at a distance. The factors are 
the comparative visual acuities for different colors or compositions of 
light at a suitable low level of intensity, their power to penetrate the 
external atmosphere both clear and foggy and their comparative 
visibilities in the dark at threshold intensities. 

Using spectrum lights, we have shown that when equalized in bright- 
ness or photometric intensity they give a wide range of difference for 
visual acuity, the acuity being the highest in the midregion of the 
spectrum, and that this range and variation from point to point are 
different for different levels of intensity of light. That is, visual acuity 
is selective both as to wavelength, or composition of light, and as to 
intensity of light. We found this to be true also when the lights were 
equalized both in brightness and in saturation of color. Some results 
of our determinations are given in the curves shown in figure 3 A. From 
an inspection of this figure it can be readily understood that the 


factor cannot be of great importance. In any event, in the test which we are 
recommending later in the paper, in which exactly the same intensities of light are 
used in determining the distances at which the different colored lights can be seen 
as were used in giving equal visual acuities for these lights, this factor is fully 
taken into account. Furthermore, it does not seem that any difference in inter- 
ference with subsequent trying to see in the dark could, for lights of such low 
intensity, be of any considerable importance. 4. Another argument that has been 
offered against blue light is that the color field is wider for blue than for red. The 
thinking behind this argument seems to be confused by the fact that, in general, 
vision in the peripheral field is important in aviation, particularly in combat avia- 
tion, in which objects of considerable visibility are involved. In this problem, 
however, the situation is different. In the first place, the far periphery of the 
retina is not blind to color. The limits of the color fields are a matter of the 
amount or intensity of the colored lights. In the second place, the threshold of 
color sensation is so much raised in the peripheral field that the use of peripheral 
vision for the detection of colored light of threshold or near threshold intensity 
for central vision cannot be of significant importance. 5. Finally, as far as color 
is concerned, a wider study by a test method that is direct and quantitative would 
probably show that the choice of colored lights is by no means limited to red and blue. 
Both have important disadvantages. For example, when fights of all colors are 
equalized in intensity or in both intensity and saturation, red and blue at any level 
of intensity as compared with most of the colors give poor visual acuity, or power 
to see objects. This is an important point indeed. Except as an emergency expedi- 
ent or a matter of feasibility, it would seem somewhat strange if a choice between 
colored lights was to be limited to the two that give such poor power to see objects, 
particularly when the distance at which the lights can no longer be seen depends 
so much more on their intensity than their color. 
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intensities of the colored lights would have to be changed a great deal 
in relation to each other to give equal visual acuities and that the 
changes of intensity would greatly affect also the distances at which 
they could be seen. The work was repeated with speed of discrimi- 
nation, or speed of vision, as the test instead of visual acuity, the speed 
of the eye’s reaction being considered an important factor in the decision 
as to the comparative merits of the lights in question. The results of 
these tests are given in the curves shown in figure 3B. Also, using 
spectrum lights equalized in energy, we have found that their visibility 
varies over a wide range, again being the highest in the midregion of 
the spectrum, and that the curve for visibility changes its shape for 
different levels of energy of light. That is, with respect to visibility, 
too, there is selectiveness to wavelength, or composition of light, and 
also to energy of light. These determinations were made by us with 
the light-adapted eye and under our direction with the dark-adapted 
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Fig. 3.—A, the effect of change of wavelength of light on visual acuity at 0.075 
and at 0.3116 foot candle, intensities I and IJ. Unequal and equal saturation 
series (3 observers). B, the effect of change of wavelength of light on speed of 
discrimination at 0.075 and at 0.3116 foot candle, intensities and I and IJ. Unequal 
and equal saturation series (3 observers). 

In the test for both visual acuity and speed of discrimination the distance of 
the observer from the test object was 20 feet (610 cm.). Because of poor focusing 
at 20 feet this distance was, of course, unfavorable for the colors at the blue end 
of the spectrum. Another factor in the poor results obtained for blue light was the 
small quality, or sensation, difference between the black test object and its blue 
background. 

It may seem strange that when the different spectrum lights are themselves 
made equally visible there should be such a difference in the visibility of the details 
illuminated by these lights. In explanation, the following points may be noted: A 
difference in the clearness of the images formed, a possible difference in the retina’s 
power to make fine space discriminations for the different wavelengths and the 
sensation difference between the black test object and the colored background. The 
complete picture of the eye’s selectiveness of response to wavelength includes, then, 
definitely clearness of imaging, light and color sensation both as to quality and as 
to amount and possibly the power of the retina to discriminate space for the different 
wavelengths of light. 
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eye. They constitute in effect a quantitative expression of the visibility 
changes that take place in what is commonly known as the Purkinje 
phenomenon. The results are too numerous and too complicated to 
warrant space being given to them here. It will be sufficient perhaps 
to say that the results for both visual acuity and visibility render it 
absolutely clear that in any determination of the best light to use for 
wartime protection, tests for visual acuity and tests for visibility must 
both be made and under exactly the same conditions with respect to 
the significant factors which influence each, namely, intensity of light 
and color or composition of light, and with a dark-adapted eye. This 
can be most certainly accomplished by using the same illuminator and 
the same setting of its intensity control for testing the comparative 
distances at which the lights can be seen as was used in making the 
test for the comparative acuities. That is, the exact source of the illumi- 
nation in the first instance is made the test object in the second instance. 
In this way all difficulties and sources of error in the duplication of con- 
ditions in the two items of the test are completely eliminated, an 
important one of which is that of securing equal intensities through 
photometering lights differing in color. 

In order to make the test entirely direct, as it should be, the intensity 
control of the illuminator should be set to give equal visual acuities at 
a suitably low level of intensity for each of the lights to be tested, and 
the illuminator so adjusted should be used, as noted, as the test object 
for determination of the distance at which each light can be no longer 
seen. For a still closer correspondence with actual conditions, the size 
of the test object, the distance of the testee and the distance of the 
illuminator from the test object should be chosen so that the intensities 
required to give equal visual acuities are somewhat akin to the minimum 
level that should be had in seeing one’s way about in the dark. Perhaps 
20 feet (610 cm.) could be used as the distance of both the testee and 
the illuminator from the test object. In our recommendation, however, 
full latitude is left on this point. In this way of making the test it 


3. It is doubtless better to use also for both the testee and the illuminator a 
distance which is representative of near vision, for example, a distance within the 
far point for blue light, and to base conclusions on the results of the tests for both 
distances. Unless results are obtained for distances that are representative of both 
far vision (20 feet or more) and near vision, it does not seem that a general con- 
clusion can be safely drawn as to the merits of the light in question. Further, 
objects and backgrounds present surfaces that have a wide variety of reflecting 
power. In order better to take into account the relation of object to background as a 
factor in power to see objects, the intensities required to give equal visual acuities 
for the distances noted could, if thought best, be determined with both a black 
test object on a white background and a white test object on a black background, 
and these intensities could also be used in determining the distances at which the 
lights could be no longer seen. 
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should be clearly kept in mind that the size of the test object, the 
distance of the testee and the distance of the illuminator from the test 
object are kept constant and the intensity of illumination is varied until 
the test object chosen can just be discriminated. Another possibility is 
to adjust the intensities of light in the illuminator so that the distance 
at which each colored light disappears is equal, and with this adjustment 
to determine the comparative acuity for each colored light. The difficulty 
with this method would be in the equipment that would be required to 
vary in continuous change the size or visual angle of the critical detail 
in any test object that would be suitable for the purpose without chang- 
ing the distance of the testee from the test object. 

The distance test should of course be made under more than one 
atmospheric condition—clear, foggy, etc. As changing the distance is 
the most troublesome and time-consuming part of the test, it may be 
found convenient to use as many illuminators as there are colored lights 
to be tested. To do so would enable the changes of distance to be made 
in a continuous series and would guarantee that the tests for the different 
lights would be made under the same atmospheric condition. 

Obviously the equipment used for making the test is important to 
its success and its precision. The illuminator must be such, for example, 
that the changes of intensity of light can be made in continuous series 
without changing the color or composition of the light or the size, shape 
and location of the illuminated area. These requirements rule out the 
use of a rheostat or change of distance as means of changing the 
intensity, the rheostat in particular being unsuitable, because of the 
changes it causes in the color and composition of the light. The further 
requirement that the illuminator be made the test object in the distance 
test would make inconvenient the use of a projection system with an 
iris diaphragm control, such, for example, as is used in our visual acuity 
projector.* The instrument we would recommend as being the most 
suitable in all respects is shown in figure 4. It may be called a variable 
illuminator. 

The purpose of this instrument is to provide a means of varying 
the intensity of the illumination in continuous change from zero to any 
intensity wanted, without change in the color or composition of the light 
or in the size, shape or position of the illuminated area and, if desired, 
to provide a means of correcting artificial light to light of daylight 
quality. The essential features of the instrument are a source of light 
of adequate intensity to give the range needed; a housing of suitable 
size and shape; a mechanical means, or specially designed shutter, for 
varying the intensity of the light, and a diffusing plate or other diffusing 


4. Ferree, C. E., and Rand, G.: Testing Fitness for Night Flying: Visual 
Acuity, Arch. Ophth. 20:58-79 (July) 1938. 
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means both to eliminate completely the shadows which would otherwise 
be produced by the shutter and to give an evenly distributed and well 
diffused illumination of the test surface. 

The means of varying intensity consists of four vanes which extend 
across the opening of the housing in such relation to each other that 
when their flat surfaces are parallel to the beam of light the maximum 
amount of light passes through the opening and when they are rotated 
to a position at right angles to the beam the light changes in continuous 
series from full intensity to zero. The vanes are so arranged that when 
the intensity is changed contiguous vanes turn in opposite directions. 
This insures that there will be no shift in the position of the illuminated 
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Fig. 4—The variable illuminator, vertical section. The vanes in the closed posi- 
tion are indicated by solid lines and those partly open by dotted lines. 


area and no change in its size and shape. When the vanes all move in 
the same direction, as in venetian blinds, all these changes take place. 
In various models of the instrument different means of moving the vanes 
have been employed. In one model split gears have been mounted on 
the ends of the axle pins of the vanes outside the housing, so adjusted 
as to take up all slack and backlash. In another a simple means has 
been devised which lies within the housing. It also is entirely free from 
slack and backlash. It is in the form of a thin plate with a central 
longitudinal slot through which pass the axle pins at the ends of the 
vanes. This slot permits the plate to travel back and forth as the vanes 
turn. Above and below it in alternate sequence are short vertical slots 
which engage pins suitably positioned at the ends of the vanes. To the 
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end of the axle of one of the vanes is attached a knob. When this knoh 
is turned the contiguous vanes rotate in opposite directions, as is desired. 

In order that no shadow shall be cast by the vanes in any position in 
their rotation, a plate of Belgian flashed opal glass is mounted directly 
in front of them, between them and the surface to be illuminated. In 
addition to eliminating completely all shadows on the illuminated surface, 
the provision secures exceptionally good diffusion of light. Behind 
the plate may be placed the color filter that is needed for obtaining the 
color selected to be tested. 

While the flashed opal glass positioned directly in front of the vanes 
is sufficient to remove all trace of shadow from any surface to be illumi- 
nated at a distance of 5 inches (13 cm.) or more, when looked at directly 
it is not itself seen as uniformly bright. Therefore, it cannot be used 
as the test object in making the distance test. In order to provide an 
evenly illuminated and evenly bright surface that can be used as this 
test object, the construction of the housing is extended 5 inches beyond 
the plate of flashed opal glass, and in its opening is mounted a second 
plate of flashed opal glass. In figure 4 the aperture shown, purposely 
made to suit a wide variety of conditions, may be larger than is wanted 
in making the test. It can be given any desired size and shape by the 
use of suitable diaphragms. In making the distance test, for example, 
some persons may not find it convenient or even possible to use great 
distances, in which case the aperture can be made small, but always of 
the same size and shape for the different colors. In the construction 
of this extension we have felt that for many reasons latitude with 
respect to its size and shape is a desirable provision. The instrument 
modified by this extension is used in making both the equalization of 
the visual acuities and the distance test. The front plate, then, of the 
instrument that is used in making the equalization of the visual acuities 
becomes the test object, or test surface, for making the distance test, 
the intensity control having exactly the same setting for the two tests. 

As the most suitable test object for making the equalization of the 
visual acuities, we recommend the double-broken circle, the two breaks 
in which, 90 degrees apart, each subtend a visual angle of 1 minute. 
This type of test object has been made into a chart, which we have 
called the double-broken circle visual acuity and astigmatism test chart.® 
Besides providing a more nearly absolute means of testing and rating 
vision, this chart comprises nineteen sizes of test object, each size being 
presented in enough positions to test and measure accurately visual 
acuity in eight representative meridians, 0, 45 degrees, 90 degrees, ete. 





5. Ferree, C. E., and Rand, G.: A More Nearly Absolute Means of Testing and 
Rating Vision, Arch. Ophth. 24:292-315 (Aug.) 1940. This chart can be obtained 
from Bausch & Lomb Optical Company, Rochester, N. Y. 
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This number of sizes, ten more than are ordinarily used, renders the 
chart of especial value in selection of the size of test object that is most 
suitable for the present test. If desired, a single test object of the size 
chosen can be used mounted on a rotatable dial with a remote control 
operated electromagnetically. The control we have devised for this 
purpose permits the opening to be turned into and held in the eight 
representative meridians just noted, 0, 45 degrees, 90 degrees, etc. 

The test we have recommended has the advantage of being both 
direct and quantitative and the equipment of being, so far as we know, 
the most convenient and the best suited to the purpose of any yet devised. 


BLACK-OUT LIGHTING IN THE HOME 


The variable illuminator has also been made in the form of a lamp 
with the opening turned downward or obliquely downward. With its 
control of intensity by means of the rotatable shutter, the light can be 
varied in continuous change from full to extinction, thus making it 
possible by using it as a night light to obtain a complete black-out or 
as near a complete black-out as may be desired. In this lamp any color, 
type or wattage of bulb can be used, even the small neon night bulb. 
Suitably equipped, this lamp should serve a useful purpose in protective 
night lighting even to the total extinction of light for a complete 
black-out. 

In this connection we wish to point out again the infeasibility of the 
ordinary black-out devices as a year round means of securing a complete 
black-out. In our Southern cities the thought of obtaining a complete 
black-out of a fully lighted room on a hot summer night for any con- 
siderable length of time by means of curtaining or similar devices alone 
is untenable and intolerable. We say this after more than thirty years 
of experience in lightproofing rooms and ventilating lightproofed rooms. 
The lightproofing of rooms as an all year project for the black-out 
without air conditioning, forced ventilation or a provision for natural 
ventilation with lightproofed devices seems to us not to be worthy of 
serious consideration for the hot seasons of the year in hot climates. 
The black-out in the home is a serious problem in this respect, and 
the home is the place where the greater part of the population stays at 
night. Few homes are provided with air conditioning, forced ventilation 
or lightproofed means of natural ventilation. The kind of black-out that 
is used in England, for example, is not suitable for use in summer in 
the Southern portion of the United States. Again, what is feasible in 
winter will not do for the summer months. In short, it would appear 
that the problem of the black-out should be attacked from two sides— 
the conventional lightproofing devices and lighting. The attack from 


the side of lighting can be made along two lines—color and composition 
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of light and intensity and direction of light. For the control of intensity 
of light a means for producing a finely graded and continuous change 
down to extinction is desirable and in some cases essential. Our strong 
feeling of need for this twofold attack on the problem of the black-out 
and protective night lighting is one of the incentives that has caused 
us to take up the subject of lighting in relation to the black-out. Surely 
it is not as dangerous to have the amount of light that is needed just to 
be able to see to get around in one room of a house, with its sheltering 
roof and walls, as it is to have enough light to see to get around out of 
doors in the open; and in any prolonged black-out a certain number of 
people have to be able to see to get around out of doors. 


2609 Poplar Drive. 











LEIOMYOMA OF IRIS 


JAMES E. KAHLER, M.D. 
W. EARL WALLACE, M.D. 


RODMAN IRVINE, M.D. 
AND 
A. RAY IRVINE, M.D. 
LOS ANGELES 


Neoplasms of the iris are of infrequent occurrence, and among them 
leiomyomas are rare. In a structure which is subject to direct obser- 
vation by both patient and physician, as is the iris, it is unlikely that 
such tumors, when present, escape notice, and therefore their rarity is 
probably absolute. However, not all the tumors described as leiomyomas 
are acceptable as such, since without special stains it is often impossible 
to differentiate them from nonpigmented melanomas. Several of the 
earlier cases reported are unacceptable for this reason. Thus, when 
Verhoetf,' in 1923, reviewed the literature on this subject he accepted 
only 2 tumors of the iris as being true leiomyomas, rejecting the 
remainder on the basis of (or lack of) microscopic description and 
photomicrographic evidence. The first of the accepted cases was 
reported in 1899 by Thompson * and the second in 1911 by van Duyse.* 
Verhoeff described 1 case of his own. 

Since 1923 only 3 additional cases have been mentioned in the 
literature: In a paper on sarcoma of the iris, Li* mentioned the 
existence of a second myoma in Verhoeff’s collection, which has not been 
made the subject of a separate report. In 1937 Frost® and in 1939 
Ellett ° each described 1 case, bringing to 6 the total number of cases 
of leiomyoma of the iris mentioned in the literature. 


From St. Vincent’s Hospital and the Department of Surgery of the University 
of Southern California School of Medicine. 

1. Verhoeff, F. H.: A Case of Mesoblastic Leiomyoma of the Iris, Arch. 
Ophth. 52:132-139 (March) 1923. 

2. Thompson, A. H.: Tumor of the Iris, Tr. Ophth. Soc. U. Kingdom 19:49- 
41, 1899. 

3. van Duyse: Leiomyome sarcomatode, leiomyome malin de Viris, Arch. 
Vopht. 31:13-34, 1911. 

4. Li, T. M.: Primary Ring Sarcoma of the Iris, Am. J. Ophth. 6:545-555 
(July) 1923. 

5. Frost, A. D.: Leiomyoma of the Iris, Am. J. Ophth. 20:347-352 (April) 
1937. 

6. Ellett, E. C.: Leiomyoma and Hematoma of the Iris, Arch. Opth. 21:497- 
504 (March) 1939. 
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REPORT OF A CASE 


History.—The patient. a 46 year old white woman, a housewife, was seen in 
consultation on Jan. 2, 1941 for an opinion as to the nature of a small growth on 
the iris of the right eye. The growth had been apparent for about two years, but 
only recently seemed to be getting larger. There had been no symptoms. The 
vision was 20/20 with correction; the eye appeared white and quiet, there being 
no evidence of inflammation observed on slit lamp examination; the media were 
clear; the fundus was normal. 

On examination, a mulberry-shaped, cystic-appearing grayish sessile tumor, 3 
mm. in diameter, was seen resting on the iris in the lower quadrant midway 
between the pupillary margin and the iridocorneal angle (fig. 1). Each mulberry 
papilla contained a capillary tuft. The pupil reacted well; however, there was 
slight pulling of the pupillary edge toward the growth. The adjacent iris stroma 
on all sides appeared normal. The mass did not extend into the iridocorneal angle. 

Operation.—Because of noticeable growth during the past year, iridectomy for 
removal of the tumor was advised. On January 10 an uncomplicated basal iridec- 
tomy was performed, the growth being removed along with a good margin of iris. 
Although the growth appeared cystic and soft, when grasped with the iridectomy 
forceps it felt hard and resistant. 








Fig. 1—Slit lamp photograph of the anterior segment of the eye, taken after 
the method of Irvine and Stimson (Irvine, R., and Stimson, R. L.: A Method of 
Ultra Close-up Photography in Ophthalmology (ArcH Opntu. 23:161 [Jan.] 1940). 


The patient made an uneventful recovery, maintaining 20/20 vision, and up to 
the present writing, sixteen months after operation, the eye has remained normal 
except for the operative coloboma. 

Gross Description—The lesion consisted of a rounded sessile mass 3 mm. in 
diameter situated on the anterior surface of the iris. The tumor was white and 
semitranslucent. Its surface was smooth and glistening. 


Microscopic Description—Figure 2 shows a low power photomicrograph of the 
entire mass. At each lower edge can be seen normal iris distorted and folded under 
in the preparation. The posterior pigment layer was intact and the structure of 
the iris normal on each side of the tumor. In that portion from which the tumor 
grew, the structure of the iris, with the exception of the pigment layer, was dis- 
rupted. Here, next to the pigment epithelium, was a zone of connective tissue 
stroma containing a few chromatophores and several small vessels. This zone was 
thin at the margins of the tumor but toward its center expanded into an irregular 
stromal core supporting larger vessels. In the same region the smooth muscle 
fibers of the iris lost their compact arrangement and intermingled freely with the 
muscle cells of the tumor. 

Under higher magnification, the tumor was seen to be composed of spindle- 
shaped cells having centrally placed elongated nuclei. In longitudinal section these 
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Fig. 2—The entire tumor mass (Mallory’s aniline blue stain; « 80). Note the 
normal iris folded under at both lower margins and the central core of connective 
tissue. 

















Fig. 3.—Arrangement of cells in interlacing bundles (phosphotungstic acid- 
hematoxylin stain < 300). 
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nuclei were rod shaped with rounded ends; the nuclear membrane was distinct: 
the chromatin appeared as fine dustlike particles evenly distributed except ‘for the 


presence of occasional small irregular clumps. In cross section the nuclei were 
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Fig. 4—A, normal muscle cells of the dilator pupillae muscle. B, leiomyoma 
of the iris. (Phosphotungstic acid-hematoxylin stain; >< 1,840). The cellular 


architecture in the leiomyoma is almost identical with that in the normal muscle. 


The tumor cells are more closely packed together and the nuclei slightly more 
hyperchromatic. 
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round. No mitotic figures were seen. With phosphotungstic acid—hematoxylin 
stain, within the cell cytoplasm there were fine fibrils running in the long axis of 
the cells. In cross section these fibrils appeared as dark-staining round bodies 
ynevenly distributed about the centrally placed nuclei. No fibrils were seen outside 
the cells, nor were lateral processes demonstrable. There was no collagen between 
the cells. With Mallory’s aniline blue stain the deep red color of the tumor cells 
contrasted sharply with the blue-stained adjacent iris stroma. The tumor cells 
occurred in small interlacing bundles. There was no definite grouping of nuclei 
into rows within the bundles, as described by Verhoeff. 

The tumor contained few blood vessels. Those present had endothelial linings 
and fibrous connective tissue walls. Except for one obvious artefact there were 
no blood-containing spaces within the tumor which were delimited by tumor cells. 

The tumor cell bundles were directly continuous with the smooth muscle bundles 
of the iris and merged imperceptibly with them. The only distinguishable feature 
between the two was the larger number of nuclei in the tumor tissue, an appearance 
which was probably related to the fact that the tumor cells were packed together 
more tightly than the normal muscle cells. 

None of the tumor cells contained pigment. The only pigment present in the 
sections was in the posterior epithelial layer and in a few chromatophores lying in 
close proximity to this pigment epithelium. 

Diagnosis.—These observations established a diagnosis of leiomyoma of the iris. 
Sections of the tumor were reviewed by Dr. Frederick H. Verhoeff, who concur- 
red in the diagnosis. 

COMMENT 

The smooth muscle of the iris is derived from the neural ectoderm 
of the margin of the optic cup (Mann). The present tumor appears to 
have arisen directly from the dilator pupillae muscle and therefore, in 
common with most of the other recorded lesions of this type, was 
of epiblastic origin. Verhoeff said that his myoma was mesoblastic in 
origin, since it had no connection with the iris muscles or epithelium 
and arose by a fine pedicle from the anterior surface of the iris, near 
its root. He stated that it was derived from the stromal cells of the 
embryonic uvea. 

The question of epiblastic or mesoblastic origin is not as important 
as the differentiation of the tumor from nonpigmented melanoma. This 
differentiation depends on (1) the demonstration of myofibrils within 
the cytoplasm of the tumor cells, as with Mallory’s phosphotungstic acid- 
hematoxylin stain; (2) the specific staining reactions of smooth muscle 
tissue with Van Gieson’s and with Mallory’s aniline blue stain, and 
(3) the spindle-shaped outline of the cell, with its rod-shaped nucleus 
which may appear round in cross section and oval in tangential section. 
Nonpigmented melanoma, on the other hand, while superficially com- 
posed of spindle cells, will in many instances contain fat polyhedral cells 
having a tendency to alveolar formation. In addition, the cells may 
exhibit a peritheliomatous arrangement, but rarely are they consistently 
whorled in pattern. 
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The relative malignancy of leiomyoma of the iris is of considerable 
interest in the management of the individual case. Clinically the tumors 
run a protracted course with occasional periods of rapid growth. Judging 
from the histologic characteristics, the tumor is benign and cure should 
result from its complete removal. The lesion which is the subject of the 
present report was completely removed at operation and has not recurred 
in sixteen months. None of the recorded tumors have metastasized. 
In Verhoeff’s case two attempts were made to remove the tumor. The 
lesion then remained quiescent for sixteen years. At the end of this time 
a third unsuccessful attempt at removal was made, and two months later 
the eye was enucleated. At the time of enucleation, besides the main 
recurrent mass, there were small seedings of the tumor on the iris, 
between the lens and the cornea and within the wound. In spite of this 
local dissemination (which Verhoeff attributed to recent operative 
manipulation) the tumor at the time of enucleation was identical in 
structure with the original lesion. Bossalino’s* case, although not 
included in the present study because the tumor arose in the ciliary body 
and involved the iris secondarily, should be mentioned here because the 
author considered the lesion malignant, basing his opinion solely on the 
presence of a few small groups of tumor cells which were tightly packed 
together, had hyperchromatic nuclei and occurred in proximity to areas 
of necrosis. That his lesion was not malignant may be concluded, first, 
from his failure to mention the presence of mitotic figures or tumor giant 
cells, which are the commonest evidence of malignancy in a leiomyoma, 
and, secondly, from the common observation that in benign leiomyomas 
elsewhere in the body the tumor cells in proximity to areas of degenera- 
tion are often thicker and have more hyperchromatic nuclei than the cells 
farther removed. It is reasonable, then, to conclude, from available 
reports of the tumor and from its appearance in the present case, that 
leiomyoma of the iris is a benign tumor and its behavior can be expected 
to parallel that of leiomyomas elsewhere in the body. 


CONCLUSION 





The seventh case of leiomyoma of the iris is reported. The lesion is 
considered a benign neoplasm and is susceptible to local removal. 





Suite 700, Roosevelt Building. 


7. Bossalino, G.: Di una non comune osservwazione di leiomioma mal igno 
del corpo ciliare e dell’ iride, Boll. d’ocul. 13:332-348 (March) 1934. 











Clinical Notes 


OPHTHALMIC SURGEON’S SPECTACLES 
Paut C. Craic, M.D., Reapinc, Pa. 


The ophthalmologist usually wears spectacles for certain office pro- 
cedures, during operations on the eye and in making hospital rounds. 
He finds himself choosing his far and near correction, glasses with a 
special near focus and the binocular loupe. The disadvantage of chang- 
ing and the limited range of vision with each of them is self evident. 
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A diagram (not actual size) of the spectacles. 


It seemed advisable to design spectacles which would (1) provide a 
large distance field for orientation, (2) make possible a normal near 
range for dressings and chart work, (3) give a short near focus with 
magnification and increased stereopsis, (4) be light in weight and (5) fit 
into an ordinary spectacle case. 


The glasses were made as follows *: 


A straight top fused bifocal lens was ground with a segment 14 mm. 
high (from the bottom of the lens) for a focus of 33 cm. This segment 
was decentered inward as necessary. A rectangular segment 6 mm. 
high and 14 mm. wide was ground and cemented on the line dividing 
the normal reading and distance portions of the lens. This segment was 
decentered inward 6 mm., leaving a distance section about 20 mm. high. 
A cemented segment was used instead of a fused trifocal lens so that 
the stronger addition would be on top and the intermediate one at the 


1. By Berks Optical Company, 520 Walnut Street, Reading, Pa. 
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bottom of the lens and also for extra decentration and the incorporation 
of the proper prism. In this particular case the fused segment was q 
+ 1.00 D. sph. and the cemented segment a + 3.00 D. sph. > 3 prism 
diopters base in. 

These glasses can be worn comfortably for long periods of time. 
They give the performance of ordinary bifocals. In addition, for sclero- 
corneal suturing and similar procedures a moderately large field with 
magnification and stereopsis 1s obtained through the upper segment, 
The lower segment is used when one is tying sutures and picking up 
instruments. The glasses are practical for dressings, for the removal 
of sutures and for the study of records. They are equally satisfactory 
for many office procedures, especially dacryostenosis therapy. ; 

Needless to say, these spectacles do not take the place of the binocular 
loupe or the corneal microscope. 


232 North Fifth Street. 


REPEATED PLACEMENT OF FOREIGN BODIES 
INTO INFERIOR FORNIX 


Report of a Case 


First LIEUTENANT GLEN F. HaArpiInG, MEpICcAL Corps, 
ARMY OF THE UNITED STATES 


The accompanying illustration shows the sharp splinters of glass 
(fifteen large, one small) up to 7 mm. in length removed from the 














Splinters of glass removed from the patient’s eye. 


inferior fornix of the left eye of a 15 year old girl at five visits during 
a period of twenty-two days. The history given on each occasion was 
that while drying a water tumbler she accidentally struck a cabinet, 
causing broken glass to fly into her eye. 
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The guardian, who brought the patient to my office, had not been 
able to apprehend her in the act. At each visit from one to five fragments 
were removed. The glass was light pink, clear and light blue, respectively, 
at the first three visits. At the fourth visit it was both light blue and 
pink. At the last visit it was pink. The right eye was never involved. 
No ocular abnormality was found. The vision was 20/50 in each eye 
without correction and 20/20 with a correction for hyperopic astigmatism. 

Despite the dangerous nature of the foreign bodies, even with 
attendance at school and at the movies surprisingly little damage to the 
lower palpebral and the adjacent bulbar conjunctiva resulted. Only 
moderate injection and a few minute conjunctival lacerations (fluorescein 
stain) could be found. The cornea never did stain. 

Twice, part of the fragments were found encased in mucus; on 
each of these occasions the foreign bodies had been in the eye forty-eight 
hours or longer and inspection revealed a mild granulative condition of 
the conjunctiva of the lower lid. Terminal photophobia, lacrimation 
and discomfort were moderate. A roentgenogram of the left orbit 
showed no foreign bodies. The patient admitted successfully removing 
similar glass fragments from the eye frequently but consistently denied 
deliberate placement. She was referred to a psychiatrist. 
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Ophthalmologic Reviews 


EpITED BY Dr. Francis HEED ADLER 


VIRUSES AND VIRUS DISEASES OF EYE 


II. VIRUSES OF OCULAR IMPORTANCE 


MAJOR PHILLIPS THYGESON 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


The eye is subject to major or minor involvement in many of the 


well prove to be caused by viruses. 


venereum virus for tissue of mesodermal origin. 


VARIOLA AND VACCINIA 





Hospital. 





Company, 1938, vol. 2, p. 1652. 
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known virus diseases. Certain viruses, although affecting other parts 
of the body, have their most important localizations in the eye, e. g., 
inclusion blennorrhea, herpes simplex and herpes zoster viruses. Others, 
such as the viruses of variola, vaccinia and lymphogranuloma venereum, 
only rarely affect the eye but when they do may cause serious lesions, 
A large number of viruses have only occasional and minor ocular locali- 
zations ; among these are the viruses of psittacosis, dengue fever, foot 
and mouth disease, rabies, lymphocytic choriomeningitis and canine dis- 
temper. It is noteworthy that trachoma virus is the only virus so far 
known which affects the eye alone. Of the large number of ocular 
diseases whose etiologic basis has not yet been determined, some may 


As indicated graphically in figure 1, the viruses localizing in the 
eye and its adnexa exhibit the same tissue selectivity characteristic of 
viruses in general. Thus inclusion blennorrhea virus shows a specific 
affinity for conjunctival epithelium, trachoma virus for conjunctival and 
corneal epithelium, molluscum contagiosum virus for the skin of the 
eyelids, herpes zoster virus’ for nerve tissue and lymphogranuloma 


In smallpox the eyelids are usually involved in cutaneous eruption and 
there often develops an exanthematous catarrhal conjunctivitis which is 
self limited and benign; rarely pustules occur. When pustules involve 
the limbus and cornea, visual damage may result, especially if there is 
secondary bacterial infection. According to Duke-Elder? the leukomas 


From the Department of Ophthalmology, Columbia University College of 
Physicians and Surgeons, and the Institute of Ophthalmology, Presbyterian 


1. Duke-Elder, W. S.: Textbook of Ophthalmology, St. Louis, C. V. Mosby 
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resulting from the hypopyon ulcer of smallpox accounted for a consider- 
able proportion of the blindness in the Near East and India in pre- 
vaccination days. Involvement of the iris, of the choroid and of the 
optic nerve have been reported, although these complications appear 
to be rare. 

Vaccinia has become a not uncommon ocular disease. The lids 
are most commonly affected, and although primary infection of the con- 
junctiva and the cornea does occur, secondazy involvement of these 
tissues from the lids is more common. In most cases the infection occurs 
in infants and young children as a result of autoinoculation from a 
primary vaccination, but parents, nursemaids and others who have 
dressed vaccinations without taking care to wash their hands afterward 


&e MAjOR LOCALIZATION 


a MINOR LOCALIZATION 
LACRIMAL 


GLAND 





Fig. 1.—Ocular structures affected in important virus diseases. 


have also been known to become infected. The disease of the lid margins 
and conjunctiva heals without serious sequelae, but the corneal compli- 
cations, especially the vaccinial pustule, may lead to serious loss of 
vision. As a rare complication ocular paralysis may occur in post- 
vaccinial encephalitis. Other complications, including optic neuritis, 
choroiditis and retinitis, appear to be extremely rare. 

It is now generally accepted that variola and vaccinia are caused by 
a single virus, modified in the case of vaccinia by passage through the 
calf. This transformation of variola virus into vaccinia virus is irre- 
versible and is accompanied by a loss in virulence for man. The virus 
retains its ability, however, to produce effective immunity against small- 
pox. Because of its ready availability and its wide range of hosts. 
vaccinia virus has been subjected to intensive study, with the result that 
its properties are now the best defined of all the viruses. 
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Properties of Vaccinia Virus.—Vaccinia virus filters with difficulty 
through ordinary porcelain or kieselguhr filters but will pass Elford 
graded collodion membranes above 250 millimicrons. The particle 
size, as calculated from the filtration end point with these membranes, 
lies between 125 and 175 millimicrons (Elford and Andrewes,’ 1932), 
and the virus is microscopically visible in the form of elementary bodies 
(Paschen*). These bodies can be sedimented by centrifugation at 
high speed. 

The virus is relatively resistant to drying, aging and freezing and to 
most antiseptics, but bile causes rapid inactivation (Courtois *) ; at tem- 
peratures below freezing it can be preserved for many years. A wide 
range of animals are susceptible to experimental inoculation. Cells of 
all germ layers are susceptible, but the virus shows greatest affinity for 
epithelium. Inclusion bodies (Guarnieri bodies*), consisting of acid- 
ophilic amorphous masses, develop in the cytoplasm of affected cells. 
The work of Goodpasture and associates*® (1932) and of Nauck and 
Paschen* (1932) indicate that these inclusions, like other cytoplasmic 
inclusion bodies, are essentially virus colonies in which the virus par- 
ticles are embedded in a matrix which is probably a reaction product 
of the cell to the virus. In some instances, however, elementary bodies 
may occur in a cell without the development of the complete Guarnieri 
body (Himmelweit *). 

The virus produces a lasting but not necessarily lifelong immunity, 
which may appear as early as the sixth day after inoculation and becomes 
complete from the tenth to the fourteenth day. This immunity is associ- 
ated with a general distribution of the virus throughout the body. There 
is some confusion as to the participation of the cornea in the general 
immunity, the accepted view being that the cornea may retain its sus- 
ceptibility to the virus in spite of complete immunity of the skin; this 
rule does not seem to hold in all cases, however (Blanc and Camino- 


2. Elford, W. J., and Andrewes, C. H.: Filtration of Vaccinia Virus Through 
Gradocol Membranes, Brit. J. Exper. Path. 13:36, 1932. 

3. Paschen, E.: Was wissen wir tiber den Vakzineerreger, Miinchen. med. 
Wehnschr. 2:2391, 1906. 

4. Courtois, G.: L’action de la bile de boeuf sur le virus vaccinal, Compt. 
rend. Soc. de biol. 119:551, 1935. 

5. Guarnieri, G.: Recherches sur la pathogénese et l'étiologie de 1|'infection 
vaccinique et varioleuse, Arch. per le sc. med. 16:403, 1892. 

6. Goodpasture, E. W.; Woodruff, A. M., and Buddingh, G. J.: Vaccinial 
Infection of the Chorio-Allantoic Membrane of the Chick-Embryo, Am. J. Path. 
8:271, 1932. 

7. Nauck, E. G., and Paschen, E.: Der morphologische Nachweis des 
Pockenerregers in der Gewebekultur, Zentralbl. f. Bakt. (Abt. 1) 124:91, 1932; 
135: 437, 1936. 

8. Himmelweit, F.: Fluorescence Microscopy on Living Virus with Oblique 
Incident Illumination, Lancet 2:444, 1937. 
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petros®). The antivaccinial immunity is associated with the develop- 
ment of complement-fixing and neutralizing bodies in the blood serum. 
Furthermore, mixtures of vaccinia virus and vaccinia-immune serum 
show two phenomena, a precipitation of soluble substances and an 
agglutination of virus particles. The vaccinia antigen is a complex 
body, consisting of thermolabile and thermostabile fractions (Craigie and 
Wishart *°). There appears to be a small but distinct antigenic differ- 
ence between vaccinia virus and variola virus (Amies*'). Immunity 
is associated with the development of an allergy to the virus, illustrated 
by the immune reaction which occurs on revaccination of recently vacci- 
nated persons. 

Vaccinia virus has been grown in tissue culture by numerous investi- 
gators and is one of the viruses easiest to cultivate. It develops well on 
the chorioallantoic membrane of the developing chick embryo, producing 
characteristic proliferative lesions. 

For a complete summary of recent work on the virus the reader is 
referred to the review by Rivers '* presented at the University of Penn- 
sylvania bicentennial conference. 


Properties of Variola Virus——Variola virus has not received the 
intensive study to which vaccinia virus has been subjected, but, aside 
from its high pathogenicity for man, its properties, with a few minor 
exceptions, are essentially those of its variant. Among these exceptions 
may be noted (1) a slight difference in antigenic composition (Amies *'), 
(2) a difference in incubation period (eight days for vaccinia, fourteen 
days for variola), (3) a low virulence for animals on initial inoculation 
and (4) occurrence of an intranuclear inclusion in addition to the 
Guarnieri body (Councilman, McGrath and Brinkerhoff **). 

Variola virus grows well on the chorioallantoic membrane of the 
developing chick embryo, and the use of this fact as a test in the labora- 
tory diagnosis of smallpox has been advocated by Buddingh * and by 
Bohls and Irons.*® 


9. Blanc, G., and Caminopetros, J.: Recherches expérimentales sur la vaccine, 
Arch. Inst. Pasteur Hellenique 1:175, 1924. 

10. Craigie, J., and Wishart, F. O.: Agglutinogens of Strain of Vaccinia 
Elementary Bodies, Brit. J. Exper. Path. 15:390, 1934. 

11. Amies, C. R.: Agglutination Reaction in Variola, Lancet 2:558, 1932. 

12. Rivers, T. M.: Elementary Bodies of Vaccinia, in Problems and Trends in 
Virus Research, University of Pennsylvania Bicentennial Conference, Philadelphia, 
University of Pennsylvania Press, 1941, p. 1. 

13. Councilman, W. T.; McGrath, G. B., and Brinkerhoff, W. R.: The 
Pathological Anatomy and Histology of Variola, J. M. Research 11:12, 1904. 

14. Buddingh, G. J.: Infection of Chorio-Allantois of Chick-Embryo as Diag- 
nostic Test for Variola, Am. J. Hyg. 28:130, 1938. ; 

15. Bohls, S. W., and Irons, J. V.: Chorio-Allantoic Membrane Infection as 
Diagnostic Test for Smallpox, Texas State J. Med. 36:242, 1940. 
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Laboratory Diagnosis of Vaccinia and Variola——Since variola does 
not produce ocular lesions except as a complication of a generalized 
disease, the ophthalmologist is not ordinarily required to diagnose it, 
but, in view of the fact that in mild form it may be confused with 
varicella, it is noteworthy that several laboratory methods for diagnosis 
are available, including the complement-fixation test and inoculation of 
the chorioallantoic membrane of the developing chick embryo '*; varj- 
cella virus does not produce lesions on this membrane. 


In vaccinial infection of the eye, especially in suspected cases in which 
there is no cutaneous localization, laboratory studies may be of distinct 
value. Inoculation of rabbit cornea, with the development of a severe 
keratitis in which Guarnieri bodies can be demonstrated in epithelial 
scrapings, is a satisfactory test. 


HERPES SIMPLEX 


All herpetic eruptions (excluding herpes zoster) are due to the same 
virus, irrespective of localization. The lesions on the skin and mucous 
membranes are self limited (though they may recur) and benign, but 
those in the cornea usually produce permanent damage in the form of 
scars. Herpetic corneal disease appears most often as a dendritic keratitis 
but may also occur as a disciform keratitis. More rarely the conjunctiva, 
iris and lids may be attacked, and it is reported that the conjunctivitis 
may be pseudomembranous in character (Grandstrom,'* Lowenstein ™ 
and Aust **). Recently Gundersen *® reported on 221 cases of herpes 
corneae observed at the Massachusetts Eye and Ear Infirmary during 
a period of forty-two months. He found that the disease was the most 
frequent corneal infection recognizable on an etiologic or morphologic 
basis. On this series he made a number of interesting observations, as 
follows: (1) The disease was two and a half times more frequent in men 
than in women, although this disparity disappeared below the age of 16 
years; (2) colds and other infections of the upper respiratory tract 
accompanied the majority of attacks; (3) herpetic lesions appeared else- 
where on the face in 37.4 per cent of cases; (4) preceding trauma 
occurred in an insignificant number of cases; (5) hypoesthesia was 
a constant and prominent feature of the disease; (6) there was an 


16. Grandstrom, K. O.: A Contribution to the Knowledge of the Importance of 
Herpes Infections in Corneal and Conjunctival Affections, Especially in Membranous 
Conjunctivitis, Acta ophth. 15:361, 1937. 


17. Lowenstein, A.: Uebertragungsversuche mit dem Virus des fieberhaften 
Herpes, Klin. Monatsbl. f. Augenh. 64:15, 1920. 


18. Aust, O.: Zur Atiologie der “Conjunctivitis pseudomembranosa,” Ztschr. 
f. Augenh. 82:328, 1933. 


19. Gundersen, T.: Herpes Corneae, with Special Reference to Its Treatment 
with Strong Solution of Iodine, Arch. Ophth. 15:225 (Feb.) 1936. 
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average of more than two attacks of the disease per case; (7) the 
incidence of the disease was found to be highest before the tenth year of 
life, and (8) a single case of simultaneous bilateral dendritic keratitis 
occurred in the series. Gundersen’s findings are in agreement with 
those of most writers except as to the importance of preceding trauma 
and as to the frequency of the disease in children. 

The rabbit is the most susceptible experimental animal, and, as first 
demonstrated by Griiter *° in 1912, the disease can be readily transferred 
to its cornea. After an incubation period varying from twenty-four 
to seventy-two hours, a superficial keratitis, and often a purulent con- 
junctivitis, develops. On about the ninth day some of the rabbits show 
symptoms of encephalitis with subsequent paralysis and death. A 
uveitis may occur in the uninoculated eye. Both the local lesions and the 
tissues of the central nervous system contain herpes virus, which can be 
transferred indefinitely from rabbit to rabbit either by corneal or by 
intracerebral inoculation. Occasionally there is a spread from one rabbit 
to another in the same cage. There is no natural immunity in this 
animal, and it is interesting that, in spite of the high susceptibility of 
many animals, human beings remain the only known reservoir of the 
virus in nature. A large number of experimental human inoculations, 
both of the eye and of the skin, have been recorded but present no 
special interest with regard to the eyes. The relative insensitivity of the 
human being as compared with the rabbit is to be noted. 


Properties of Herpes Simplex Virus——Herpes virus has been sub- 
jected to intensive study, and its more important properties have been 
observed. Its particles are relatively large, having a diameter of 100 
to 150 millimicrons as measured by filtration methods (Elford, Perdrau 
and Smith *!), and with special stains, such as Victoria blue, it can be 
recognized in the form of elementary bodies. Intranuclear inclusion bodies 
form in susceptible cells, appearing as central acidophilic masses in nuclei 
in which the chromatin has been heaped up along the nuclear membrane. 
According to Nicolau and Kopciowska,”? these inclusions are essentially 
closely packed colonies of virus particles, but this theory has not yet 
been confirmed. 

The virus filters with relative ease, particularly when suspended in 
broth, passing Elford gradocol membranes above 200 millimicrons.”* 


20. Griiter, W.: Experimentelle und klinische Untersuchungen iiber den 
sogenannten Herpes cornea, Klin. Monatsbl. f. Augenh. 65:398, 1920. 

21. Elford, W. J.; Perdrau, J. R., and Smith, W.: Flitration of Herpes Virus 
Through Graded Collodion Membranes, J. Path. & Bact. 36:49, 1933. 

22. Nicolau, S., and Kopciowska, L.: La morphologie de l’inframicrobe herpéti- 
que dans le tissu des animaux infectés expérimentalement et le mécanisme de la 


formation des inclusions qu’il engendre dans les cellules, Ann. Inst. Pasteur 60:401, 
1938. 





—— intr - 
ee ee 


ant ee ee 





4 
| 
- 
ih 
; 











494 ARCHIVES OF OPHTHALMOLOGY 


Cells from the three germinal layers are susceptible, but the virus has 
a distinct affinity for nerve tissue and for ectodermal epithelium, par- 
ticularly that of the cornea. Trauma favors infection. All the ordinary 
laboratory animals can be experimentally infected, but the sheep, horse, 
mule, goat, chicken, duck, sparrow, buzzard and turtle appear to be 
refractory (Nicolau and associates **). It is interesting that, while the 
chicken resists infection, the chorioallantoic membrane of the developing 
chick embryo is susceptible. 


Animal passage reduces the pathogenicity of herpes virus for human 
skin, and virus transferred intracerebrally tends to lose its ability to 
infect cornea (Nicolau and associates **). Different strains of herpes 
virus may differ greatly in virulence. The virus appears to undergo 
adaptation both for animal species and for special tissues. 


Animals which have recovered from an experimental corneal infec- 
tion show a typical immunity, but it tends to be transient and disappears 
in from sixty to one hundred days. In man virucidal antibodies can 
be demonstrated. Burnet and co-workers ** have recently shown that 
as many as 90 per cent of a population may show herpetic antibodies, 
and they stated the belief that primary infection with herpes virus occurs 
usually in infancy, from droplet or salivary contamination, as a vesicular 
stomatitis. In their opinion the virus, once it has gained entrance to 
the body, remains present throughout life in a dormant state and 
provokes its characteristic manifestation, labial herpes, when conditions, 
such as those produced by intercurrent infection, are suitable. 


Herpes virus has been grown in tissue culture and on the chorio- 
allantoic membrane of the developing chick embryo.*° 


E pidemiology.—Cutaneous herpetic disease, according to Nicolau 
and associates,?* has in certain instances occurred in epidemic form, 
particularly in institutions, but there appear to be no records of a similar 
spread of herpetic keratitis and I never have seen more than a single 
case in any one family. There would appear to be three possible ways 
in which the ocular infection may occur: (1) as an exogenous infection, 
the virus reaching the eye from an outside source; (2) endogenously, 
the virus being carried to the eye by the blood stream, and (3) 


23. Nicolau, S.; Levaditi, C.; Lépine, P., and others: Les ultravirus des maladies 
humaines, Paris, Norbert Maloine, 1938, p. 297. 


24. Burnet, F. M., and Williams, S. W.: Herpes Simplex: New Point of 
View, M. J. Australia 1:637, 1939. Burnet, F. M., and Lush, D.: Herpes Simplex: 
Studies on Antibody Content of Human Sera, Lancet 1:629, 1939. 


25. Saddington, R. S.: Cultivation of Herpes Virus and Use of the Mouse in 
Its Titration, Proc. Soc. Exper. Biol. & Med. 29:1012, 1932. Dawson, J. R., Jr.: 
Herpetic Infection of Chorio-Allantoic Membrane of the Chick-Embryo, Am. J. 
Path. 9:1, 1933. 
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ectogenously, the virus being carried to the eye from a herpetic lesion 
elsewhere on the body. 

The first possibility appears likely, and both animal and human 
inoculation experiments have shown that direct inoculation with infected 
material does produce a herpetic keratitis. In view of the. fact that 
the virus has been demonstrated in saliva ** from apparently healthy 
persons, it seems probable that droplet infection is the most common 
method of spread. As for the second possibility, endogenous trans- 
mission, there appears to be no evidence to show that this occurs, 
although it is true that herpes virus has been demonstrated in the blood 
stream and that it has appeared in the tears of a rabbit previously 
inoculated intravenously.”*7 The third possibility, autogenous spread 
of the virus from a lesion elsewhere on the body, would appear to be 
a likely one in view of the finding of Burnet and Lush ** that a high 
proportion of the population shows antibodies to the virus. Transfer 
to the eye is probably accomplished by autoinoculation from a fever 
blister or from virus-containing saliva from a person with a latent oral 
infection. Once the virus has reached the eye it may produce a 
keratitis immediately or may remain latent, producing a keratitis coin- 
cidentally with an infection of the upper respiratory tract, trauma or 
- other predisposing cause. 

There is reason to believe that herpes corneae may not uncommonly 
be the primary manifestation of herpetic infection. Gallardo and I ** 
have been able to show in a number of cases of this disease that herpes 
antibody was absent during the early stages but developed during con- 
valescence. The patients gave no history of previous labial or other 
type of herpes. 

Treatment.—There is as yet no specific treatment for herpetic infec- 
tion. Unlike the cutaneous lesions, the ocular lesions often show no 
tendency to spontaneous cure. The generally accepted treatment takes 
advantage of the fact that the virus usually remains localized to the 
corneal epithelium and can be destroyed by curettage and cauterization 
with iodine or similar agents. Frank,®° using a vaccine of herpetic 


26. Levaditi, C.; Harvier, P., and Nicolau, S.: Sur la présence, dans la salive 
des sujets sains, d’un virus produisant la kérato-conjonctivite et l’encéphalite, Compt. 
rend. Soc. de biol. 84:817, 1921. 

27. Nicolau,?? p. 308. 

28. Burnet, F. M., and Lush, D.: Herpes Simplex: Studies on Antibody 
Content of Human Sera, Lancet 1:629, 1939. 

29. Gallardo, E., and Thygeson, P.: Observations on Herpetic Keratitis, to be 
published. 

30. Frank, S. B.: Formolized Herpes Virus Therapy and the Neutralizing 
Substance in Herpes Simplex, J. Invest. Dermat. 1:267, 1938; personal com- 
munication to the authors. 
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rabbit brain emulsion treated with solution of formaldehyde, reduced 
the severity and frequency of recurrence in a series of 16 cases of 
herpes, in only 4 of which, however, there was herpes corneae. Claims 
have been made that vaccination with vaccine virus *' and the use of 
vitamin B, ** exert a curative effect, but these reports have not been 
confirmed. Kleefeld ** has reported favorable results with sulfanilamide 
and derivatives, but such results appear unlikely, since there is no 
indication from animal experimentation that herpes virus is susceptible 
to chemotherapy. Other methods of treatment suggested include auto- 
serotherapy ** and the use of nicotinic acid,*® ether ** and methenamine.” 
Fisher ** has recently claimed that moccasin snake venom given by 
weekly injections in 1:3,000 dilution has been curative in purulent 
cutaneous herpes. The multiplicity of the therapeutic methods advanced 
speaks for their individual inefficacy. 


HERPES ZOSTER 


Herpes zoster virus not uncommonly affects the ophthalmic division 
of the fifth nerve, producing the pathognomonic clinical picture of 
herpes zoster ophthalmicus. The distribution of the lesions varies 
according to the extent of involvement of the nerve; the frontal branch 
is almost always affected but the lacrimal and the nasociliary branches 
frequently escape. When the nasociliary branch is involved the cornea 
usually becomes affected, reduction of vision due to cicatrization and 
vascularization often resulting. Other complications include iridocyclitis, 
which is an invariable accompaniment of the keratitis and may be severe; 
scleritis, rarely; ocular palsies involving the third, fourth and sixth 
nerves (rarely the seventh), and optic neuritis. 


31. Davis, P. L.: Recurrent Herpes of the Cornea and Recurrent Herpetic 
Fever: Results of Treatment with Smallpox Vaccine, J. A. M. A. 114:2099 
(May 25) 1940. 

32. Nitzulescu, J., and Triandaf, E.: Treatment of Herpetic Keratitis with 
Vitamin B, Brit. J. Ophth. 21:654, 1937. 

33. Kleefeld, G.: Traitement des affections herpétiques cornéennes et de 1’ulcére 
dendritique par les dérivés sulfonamides, Bull. Soc. belge d’opht. 76:14, 1938. 

34. Campbell, H. G.: Nicotinic Acid for Blisters on the Lips, Lancet 2:796, 
1940. 

35. Thomas, C. C.: Herpes Simplex: Case of Unusually Extensive Recurrent 
Type, Apparently Cured After Autoserotherapy, Arch. Dermat. & Syph. 43:817 
(May) 1941. 

36. Kronenberg, B.: Treatment of Herpetic Keratitis with Ether, Arch. Ophth. 
26:247 (Aug.) 1941. 

37. Jaeger, K. H.: Methenamine in Virus Diseases, Fortschr. d. Therap. 16:227, 
1940; abstracted, J. A. M. A. 116:260 (Jan. 18) 1941. 

38. Fisher, A. A.: Treatment of Herpes Simplex with Moccasin Snake Venom, 
Arch. Dermat. & Syph. 43:444 (March) 1941. 
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In the majority of cases zoster is primary, without predisposing 
cause, but secondary, or symptomatic, zoster may follow a variety of 
conditions, such as syphilitic or tuberculous meningitis, tabes, skull 
fracture, drug intoxication, leukemia and spinal cord tumor. Duke- 
Elder *® stated that symptomatic zoster, while resembling epidemic or 
primary zoster in its clinical manifestations, may be due to a completely 
different cause. It is more probable, however, that symptomatic zoster 
is due to the same virus, the trauma or disease simply acting as an 
exciting factor, just as pneumonia or malaria serves to activate the 
virus of herpes simplex. 

Properties of Herpes Zoster Virus.—The absence of a susceptible 
experimental animal has prevented a detailed study of herpes zoster 
virus, and even transmission experiments with human beings have not 
given uniform results. Thus Meineri *° reported failure to transfer the 
disease by injection of zoster fluid into the skin of adults, while 
Kundratitz,*? Lipschtitz and Kundratitz ** and others have produced 
formation of vesicles by similar intradermal injections in young children. 
The close relationship between zoster and varicella is shown by the fact 
that in 3 of the 28 normal children given injections by Kundratitz with 
zoster vesicle fluid typical varicella developed, while in another 17 only 
local vesicles and papules developed. Lauda and Stohr ** reported an 
extensive series of transmission experiments on children, all of which 
gave negative results. According to Wohlwill,** positive results of 
transmission experiments on adults have been recorded by Freund, Van 
Diel, Marinesco and Sager. Netter and Ernoul *® have reported the 
case of a surgeon who infected himself from a wound of the left hand 
while enucleating a zoster-affected globe and had zoster following the 
cutaneous distribution of the median nerve. 


39. Duke-Elder,! p. 1892. 

40. Meineri, P. A.: Encefalite nella cavia da iniezione intracranica di liquido di 
vescicole di erpete zoster, Pathologica 14:772, 1922. 

41. Kundratitz, K.: Experimentelle Uebertragung von Herpes zoster auf den 
Menschen und die Beziehungen von Herpes zoster zu Varicellen, Monatschr. f. 
Kinderh. 29:516, 1924-1925; Ztschr. f. Kinderh. 39:379, 1925. 

42. Lipschiitz, B., and Kundratitz, K.: Ueber die Aetiologie des Zoster und 
ber seine Beziehungen zu Varizellen, Wien. klin. Wchnschr. 38:499, 1925. 

43. Lauda, E., and Stohr, D.: Zur Frage des varicellosen Zoster (Bokay), 
Ueberimpfungs und Immunisierungsversuche, Monatschr. f. Kinderh. 34:97, 1926. 

44. Wohlwill, F., in Levaditi, C.; Lépine, P., and others: Les ultravirus des 
maladies humaines, Paris, Norbert Maloine, 1938, p. 359. 

45. Netter, A., and Ernoul, J.: Zona dans le territoire du médian gauche vingt- 
six jours aprés une légére piqtre a l’extrémité du médian gauche au cours d’une 
éviscération d’un globe oculaire atteint de fonte purulente de la cornée d’un zona 
ophtalmique, Bull. et mém. Soc. méd. d. hop. de Paris 50:798, 1934. 
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The virus has not been filtered, but the particle size is known to 
be large, since elementary bodies have been demonstrated in suitably 
stained films of vesicle fluid (Paschen,** Amies ** and Taniguchi and 
others **). According to Wobhlwill,** these bodies are smaller than 
those of vaccinia and much more difficult to stain. They are recognizable 
in large numbers twenty-four to forty-eight hours after the development 
of the vesicles and can be specifically agglutinated by zoster (and 
varicella) convalescent serum (Paschen,** Amies **). Acidophilic intra- 
nuclear inclusion bodies, resembling those of herpes simplex and 
varicella (Lipschitz **), occur in the epithelial cells, particularly in 
those of the base of the vesicles. The virus probably occurs in the 
affected spinal ganglions, in the peripheral nerves and in the spinal 
fluid, although inclusions and elementary bodies have so far been 
demonstrated only in the cutaneous lesions. 


Cultivation of the virus in tissue culture has been claimed by 
Glaubersohn and Barg,®® and cultivation on the chorioallantoic mem- 
brane has been claimed by de Castro Teixeira,®' but the results in both 
instances were inconclusive and it cannot yet be stated (Sanders *) 
that the virus has been cultivated. Ectodermal epithelium and nerve 
tissue appear to be the susceptible tissues, but the inclusion bodies have 
also been found in connective tissue cells beneath the vesicles. The 
virus induces a potent and lasting immunity, as evidenced by the 
presence of agglutinins for the elementary bodies ( Paschen,** Amies **) 
and by complement-fixing bodies, which can be demonstrated with 
vesicle fluid or dried crusts as antigen. The reaction by which 
complement-fixing bodies are produced seems to be most powerful in 
the second week of illness. Both reactions can be obtained equally 
well when varicella convalescent serum is used, this fact indicating 
again the close relationship which exists between varicella and zoster, 
46. Paschen, E.: Weitere Mitteliungen iiber Vakzinevirusztichtung in der 
Gewebekultur. Elementarkérperchen im Blascheninhalt bei Herpes zoster und 
Varizellen, Zentralbl. f. Bakt. (Abt. 1) 130:190, 1933. 

47. Amies, C. R.: The Elementary Bodies of Zoster and Their Serological 
Relationship to Those of Varicella, Brit. J. Exper. Path. 15:314, 1934. 

48. Taniguchi, T.; Hosakawa, M.; Kuga, S., and Masuda, Z.: The Virus of 
Herpes and Zoster, Jap. J. Exper. Med. 12:101, 1934. 

49. Lipschitz, B.: Untersuchungen iiber die Aetiologie der Krankheiten 
Herpesgruppe (Herpes zoster, Herpes genitalis, Herpes febrilis), Arch. f. Dermat. 
u. Syph. 136:428, 1921. 

50. Glaubersohn, S. A., and Barg, G. S.: Beitrag zur Erforschung des zoster- 
virus, Acta med. Scandinay. 82:579, 1934. 
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although the report of Hassko, Vamos and Thoroczkay ** indicates that 
cross fixation between zoster and varicella is not as strong as previously 
thought. 

Relation to | aricella—Pteiffer °* described in 1887 the appearance 
of numerous cases of zoster during an epidemic of varicella, and von 
Bokay ** showed that varicella could arise from cases of zoster in the 
absence of any contact with varicella. These observations have been 
confirmed by workers all over the world, and many hundreds of cases 
have been reported. It is therefore possible to exclude simple coinci- 
dence. According to Tezner,®® varicella results at least seven times 
oftener from zoster than zoster from varicella. 

In this connection it may be well to summarize the points of 
similarity between the two diseases which indicate the existence of a 
relationship between the two viruses, as follows: (1) identity of 
incubation periods (twelve to fourteen days), (2) cross agglutination 
and complement fixation reactions, (3) histologic similarities between 
the cutaneous lesions of zoster and of varicella, (4) similarity of 
inclusion bodies, (5) similarity in size and staining properties of 
elementary bodies, (6) nontransferability to animals, (7) nonculti- 
vability of both viruses, (8) lasting immunity induced by both, (9) 
resemblance between generalized zoster and varicella and (10) occa- 
sional simultaneous occurrence of the two diseases. Although Cantor * 
reported finding that zoster occurred commonly on the Christmas 
Islands over a period of twenty-one years in the absence of varicella, 
the reliability of this observation has recently been questioned.** Most 
workers believe that a close relationship exists between the two viruses, 
and some believe that varicella is the dermotropic form and zoster the 
neurotropic form of the same virus. 


Portal of Entry —tThe portal of entry for zoster virus has not been 
demonstrated conclusively. Montgomery *® suggested that the virus 
enters through the skin and that, although it usually ascends in a sensory 
nerve, it may sometimes attack a motor nerve, causing paralysis. 


53. Hassko, A.; Vamos,: L., and Thoroczkay, M.: Ueber die Komplement- 
bindung der Sera von Herpes und von Varizellen, Ztschr. f. Immunitatsforsch. u. 
exper. Therap. 93:80, 1938; cited by van Rooyen and Rhodes,’7 p. 136. 

54. Pfeiffer, L.: Ueber Parasiten im Blascheninhalt von Varicella und von 
Herpes zoster und tiber die Beziehungen derselben zu ahnlichen Parasiten des 
Pockenprozesses, Monatsh. f. prakt. Dermat. 6:589, 1887. 
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Treatment.—Gundersen *° has reported that transfusions of zoster 
convalescent blood have been useful in reducing the frequency and 
severity of the ocular complications when given early in the disease. 
Other means of treatment, such as roentgen rays,"' solution of posterior 
pituitary,’ Vitamin B,°* and sodium iodide intravenously adminis- 
tered,** have been recommended but appear to have little if any real 
value. Lillie ** has reported striking improvement in a small series of 
cases after repeated vaccination with vaccinia virus. 


MOLLUSCUM CONTAGIOSUM 


Molluscum contagiosum is a relatively common cutaneous disease 
and is spread from human being to human being by personal contact 
or by fomites. At the Mayo Clinic there were 11 instances of involve- 
ment of the eyelids in 128 cases of the disease (Quill ®*). It is believed 
that the agent is usually carried to the eyelids by the fingers. In the 
8 cases I have observed there were no lesions elsewhere on the body, 
an indication that autoinoculation is not a common means of ocular 
infection. 

When molluscum contagiosum nodules appear on the lid margins 
a conjunctivitis usually results. This is in most instances follicular 
in character but is sometimes papillary and sometimes of such severity 
as to be confused with trachoma. As a rule there is no localization 
of the virus on the conjunctival or corneal membranes, but in rare 
instances actual molluscum nodules have formed on the conjunctiva 
itself, particularly on the bulbar conjunctiva near the limbus (Red- 
slob **), and a case has been reported in which a lesion occurred on 
the cornea (Quill *). annus resembling that of trachoma has 
occasionally been seen.** The virus causation of molluscum contagiosum 
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State J. Med. 40:106, 1940. 

62. Billemona, N. P.: The Treatment of Herpes Zoster Ophthalmicus, Proc. 
All-India Ophth. Soc., 1938, p. 156. 

63. Smith, S. F.: Regional Injection of Thiamine Chloride in Herpes Zoster. 
J. M. Soc. New Jersey 38:396, 1941. Goodman, M. J.: Herpes Zoster: Treat- 
ment with Thiamin Chloride, California & West. Med. 51:105, 1939. 

64. Lillie, W. I.: A New Treatment for Herpes Zoster Ophthalmicus, New 
York State J. Med., to be published. 

65. Quill, T. H.: Molluscum Contagiosum of Eyelid and Cornea: Report of a 
Case, Proc. Staff Meet., Mayo Clin. 15:139, 1940. 

66. Redslob, E.: Molluscum contagiosum 4a localisation exceptionelle, Bull 
Soc. d’opht. de Paris, 1927, p. 315. 

67. Offret, G., and Duperrat, R.: I.es manifestations oculaires du molluscum 
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was established in 1905 by Juliusberg,°* who demonstrated that the 
disease could be transmitted from person to person by material which 
had passed through Chamberland filters. Its filtrability has been con- 
firmed by Wile and Kingery © (1919) and by Findlay “ (1930). 


Properties of Molluscum Contagiosum Virus——The properties of 
the virus have not been well defined, owing to the lack of a susceptible 
laboratory animal and also to the failure of investigators to grow the 
virus in tissue culture. It is known that the incubation period is pro- 
longed; according to Juliusberg it is fifty days, to Wile and Kingery 
fourteen to twenty-five days and to Findlay thirty-five days. The 
virus can be preserved in 50 per cent glycerin for at least a month. 

The acidophilic cytoplasmic inclusion bodies characteristic of the 
disease consist of aggregations of minute elementary bodies. These were 
first described by Lipschttz** and were studied subsequently by von 
Prowazek ‘* and more recently by Goodpasture and King * and by 
van Rooyen.** A mature inclusion body fills the entire cell, pushing the 
nucleus to one side (fig. 2). As in other typical cytoplasmic inclusions, 
the elementary bodies are embedded in an amorphous acidophilic 
matrix ; this matrix is characteristically blackened with osmic acid and 
must therefore contain a lipoid element. In a recent microdissection 
study, van Rooyen *° showed that the inclusion body could be dissected 
free from the cell and that it had a capsule which took a glycogen stain 
with compound solution of iodine, a property not shared by the matrix 
proper or by the elementary virus particles. The elementary bodies 
measure about 0.25 millimicrons when stained with Giemsa stain 
(Lipschttz *°) and from 0.3 to 0.35 millimicrons when stained by 


68. Juliusberg, M.: Zur Kenntnis des virus des Molluscum contagiosum des 
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69. Wile, U. J., and Kingery, L. B.: The Etiology of Molluscum Contagiosum: 
Preliminary Report of Experimental Study, J. Cutan. Dis. 37:431, 1919. 

70. Findlay, G. M.: Molluscum Contagiosum, in A System of Bacteriology, 
Medical Research Council, London, His Majesty’s Stationery Office, 1930, vol. 7, 
p. 248. 

71. Lipschitz, B.: Weitere Beitrage zur Kenntnis des Molluscum Contagiosum, 
Arch. f. Dermat. u. Syph. 107:387, 1911. 
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73. Goodpasture, E. W., and King, H.: Cytologic Study of Molluscum Con- 
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Molluscum Contagiosum Inclusion Body, J. Path. & Bact. 46:425, 1938. 
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Paschen’s method, in which a tannic acid-containing mordant is ysed 
(van Rooyen and Rhodes“). 

The mechanism of the production of conjunctivitis and keratitis jn 
the absence of actual localization of the virus on these membranes js 





Fig. 3—Elementary bodies in material expressed from nodules of molluscum 
contagiosum (Victoria blue stain; magnification approximately 1,467). 


not understood. A case I recently studied, in which a molluscum 


nodule of the upper lid was associated with a severe papillary con- 
77. van Rooyen, C. E., and Rhodes, A. J.: Virus 


Diseases of Man, London. 
Oxford University Press, 1940, p. 122. 















































Fig. 2.—Inclusion bodies of molluscum contagiosum (Giemsa stain; magnifi- 


cation approximately 92) 
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Fig. 4.—Acidophilic intranuclear inclusions in a papilloma of the caruncle 
(hematoxylin and eosin stain). 
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junctivitis, superficial keratitis and pannus, is of interest in this con- 
nection. There was no evidence in this case of invasion of conjunctival 
and corneal epithelium, since epithelial scrapings showed no inclusion 
bodies and the disease healed promptly on excision of the nodule on the 
lid margin. It seems highly probable that the desquamating material 
from the nodules contains a toxic substance which produces the inflam- 
mation; in view of the fact that no cutaneous allergy to molluscum 
material injected intradermally has as yet been demonstrated, it seems 
unlikely that the reaction is an allergic one. 

Infection with the virus induces no immunity, and there are no 
agglutinins for the elementary bodies in the serum of patients, such as 
occur in vaccinia and certain other virus diseases (van Rooyen and 
Rhodes **). The lack of immunity is understandable in the case of a 
superficial disease which involves only epithelial cells and does not gain 
access to the immunity-building tissues. In this respect there is a 
decided analogy to trachoma and inclusion blennorrhea, in which no 
immunity has been demonstrated and in which the viruses attack only 
epithelium. Immunization by means of subcutaneous injection of a 
vaccine composed of molluscum elementary bodies has been claimed 
by Ghosh,’® but Brain *° has reported negative findings in a similar 
experiment. 


Laboratory Diagnosis of Molluscum Contagiosum.—tIn view of the 
fact that the clinical diagnosis of certain molluscum nodules of the lid 
margin may be difficult, owing to maceration of the lesions by the tears, 
particularly when the lower lid is involved, a laboratory diagnosis is 
often useful. The lesion may be excised and diagnosed microscopically 
after section, but a diagnosis may also be made easily by the examination 
of expressed material from the center of the nodule. Such material 
when stained with Victoria blue or other suitable elementary body stain, 
reveals myriads of elementary bodies (fig. 3) released from ruptured 
inclusion-bearing cells. The characteristic intact molluscum cells are 
visible also in unstained preparations viewed either by dark or by bright 
field illumination. 


Treatment.—In most cases excision or destruction of the tumor or 
tumors of the lid margin has resulted in rapid cure of the conjunctival 
and corneal diseases. 


78. van Rooyen and Rhodes,’? p. 123. 
79. Ghosh, L. M.: Preliminary Note on Treatment, Indian M. Gaz. 69:630, 1934. 


80. Brain, R. T.: Treatment of Virus Diseases of Skin, Brit. M. J. 2:1064, 
1937. 
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COMMON WART 


In 1933 and 1935 de Rotth ** described 5 cases of conjunctivitis 
and keratitis in which excision of common warts from the lid margins 
caused rapid healing. In 1936 Vito ®* described 3 cases of follicular 
conjunctivitis and warts of the lid margins in which removal of the 
tumors resulted in rapid relief. In 1939 de Rotth ** summarized the 1] 
cases, in all except 1 of which the warts were unilateral, which he had 
observed to date. In 6 of them there was only one wart, in 4 there 
were two warts and in 1 there were three warts. All the patients gained 
relief of their symptoms a few days after removal of the warts; 1 patient 
refused to have her wart removed and left the clinic after two weeks of 
local treatment without being cured. The clinical picture in the majority 
of cases was that of a subacute conjunctivitis with little discharge. In 
4 cases there was an associated superficial keratitis, and in 1 case a 
catarrhal type of ulcer developed. 

The infectivity of the common wart was established by Variot * 
(1894) and Jadassohn ** (1896) and its filtrability through a Berkefeld 
N candle by Ciuffo®* (1907). Further filtrations have been made 
by Wile and Kingery,*” by Kingery ** and by Findlay.*® Like mol- 
luscum contagiosum, the common wart has a long incubation period, 
one to five months according to de Rotth and even as long as twenty 
months according to Templeton.®° 


81. de Rotth, A.: Die Bedeutung der Verruca des Lidrandes in der Aetiologie 
gewisser Bindehaut- und Hornhautenzundungen, Klin. Monatsbl. f. Augenh. 91:196, 
1933; L’ultravirus de la verrue vulgaire facture étiologique de certaines con- 
junctivitis et keratitis, in Deliberationes Congressus Dermatologorum internationales, 
Leipzig, Johann Ambrosius Barth, 1936, vol. 2, p. 262. 

82. Vito, P.: Sulla congiuntivite da verruca del bordo libero delle palpebre, 
Boll. d’ocul. 15:627, 1936. 

83. de Rotth, A.: Common Wart as an Etiologic Factor in Certain Cases of 
Conjunctivitis and Keratitis, Arch. Ophth. 21:409 (March) 1939. 

84. Variot, G.: Un cas d’inoculation expérimental des verrues de |l’enfant a 
homme, J. de clin. et de thérap. inf. 2:529, 1894. 

85. Jadassohn, J.: Sind die Verrucae vulgares iibertragbar? Verhandl. d. 
deutsch. dermat. Gesellsch. 5:497, 1896. 
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ven. 42:12, 1907. 

87. Wile, U. J., and Kingery, L. B.: The Etiology of Common Warts: 
Preliminary Report of Experimental Study, J. A. M. A. 78:970 (Sept. 27) 1919. 

88. Kingery, L. B.: The Etiology of Common Warts: Their Production in 
the Second Generation, J. A. M. A. 76:440 (Feb. 12) 1921. 
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London, His Majesty’s Stationery Office, 1930, p. 252. 

90. Templeton, H. J.: Long Incubation Period of Warts, Arch. Dermat. & 
Syph. 32:102 (July) 1935. 
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Elementary bodies have not been described for the disease, but 
several types of inclusion bodies, none of which can be considered as 
specific virus inclusions (van Rooyen and Rhodes **), have been reported 
by Sangiorgi,°’ Lipschtitz °° and Wilson.** These bodies have been 
both basophilic and eosinophilic, cytoplasmic and intranuclear. The 
intranuclear ones appear to be more characteristic. Figure 4 illustrates 
acidophilic intranuclear inclusions from a patient with papilloma of the 
caruncle seen at the Presbyterian Hospital. The virus may be preserved 
in 50 per cent glycerin (Findlay *°) and according to Templeton °° is 
relatively heat resistant, surviving a temperature of 50 C. for half an 
hour. 

The virus has not been cultivated, and animal transmission has not 
been obtained with certainty. Warts do occur, however, in both dogs 
and cattle, but are probably due to distinct viruses bearing no relation 
to the human virus. Although warts in human beings occur in a variety 
of types and locations, it is more than likely (van Rooyen and Rhodes *°) 
that they are all caused by a single virus; further work will be required 
to settle this question. In view of the work of Ullmann ** (1923) it 
seems probable that the agent causing laryngeal papilloma is identical 
with that causing warts in human beings, since Ullmann was able to 
produce warts by injection of laryngeal papilloma material, a finding 
which has been confirmed by Ishikawa.%* These two investigators 
claimed to have transmitted the infection to the oral and vaginal mucosa 
of dogs. More recently Green, Goodlow, Evans, Peyton and Titrud 
recorded the apparently successful transmission of the infection, by 
means of a suspension of ground up cutaneous papillomas, from a human 
eyelid to the conjunctiva of 3 monkeys. 


It is believed that warts of the lid margin are usually the result of 
autoinoculation from lesions elsewhere on the skin. It is known, how- 
ever, that the virus is able to survive for some time outside the body 


91. van Rooyen and Rhodes,77 p. 134. 

92. Sangiorgi, G.: Ueber einen Befund in der Warze (Verruca Porro), 
Centralbl. f. Bakt. (Abt. 1) 76:257, 1915. 

93. Lipschiitz, B.: Cytology of Acuminate Condyloma, Arch. f. Dermat. u. 
Syph. 146:427, 1924; Chlamydozoa, the Etiology of Warts, Wien. klin. Wehnschr. 
37:286, 1924. 

94. Wilson, J. F.: Genital Warts, J. Roy. Army M. Corps 68:227, 1937. 

95. van Rooyen and Rhodes,*? p. 131. 

96. Ullmann, E. V.: On the Aetiology of the Laryngeal Papilloma, Acta oto- 
laryng. 5:317, 1923. 
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39:161, 1940. 
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and that it can be transmitted from person to person by direct contact 
or indirectly by way of fomites. Van Rooyen listed cases of spread 
by shaving materials, chiropodist’s instruments, hair brushes and combs, 
bathing pools and lavatories. Genital warts may be spread venereally. 
It is probable, therefore, that certain warts of the lid margin may arise 
from contamination from outside sources. De Rotth ** stated the belief 
that the lesions on the conjunctiva and the cornea do not arise from 
actual proliferation of the virus on these membranes, since no tumor 
formation has been noted and since the condition rapidly disappears on 
removal of the tumors from the lid margin. He suggested that the 
reaction may be allergic in character, and in this connection it is of 
interest to note the work of Maderna,®® who described an_ allergic 
cutaneous reaction, similar to that of the Frei test, resulting from intra- 
cutaneous inoculation of wart material in patients having the disease. 
Maderna **° also described complement fixation as occurring between 
wart and serum of patients with warts, but Brain *° could not confirm 
his results. Findlay *® has stated that he became immune after three 
inoculations of wart material, and this statement agrees with the clinical 
finding that warts may spontaneously disappear, presumably as a result 
of the development of immunity. 

Brain *° has reported no therapeutic success with wart vaccines, and 
treatment continues to be directed toward local destruction of the lesions. 


MEASLES 

An acute catarrhal conjunctivitis occurs almost as a rule early in 
the course of measles, and typical Koplik spots have been demonstrated 
on the caruncle, semilunar fold and conjunctiva. There may be intense 
lacrimation and photophobia, findings which suggest corneal irritation. 
In rare instances severe conjunctivitis of a membranous type and 
corneal ulceration have occurred, but these complications, like the 
pneumonia which so frequently follows the disease in young children, 
are believed to be due to secondary bacterial invaders. Encephalitis, 
iritis and panophthalmitis (van Rooyen and Rhodes ‘°') have also been 
described. 

The etiologic foundation of measles has been in dispute, and it is 
only rather recently that the majority of investigators have agreed that 
the agent is a virus. The disease is transmissible to human beings and 
to monkeys, and both blood and mucous secretions are infective. 
Infectivity for rabbits, guinea pigs and mice has also been claimed. The 


99. Maderna, C.: La intradermoreazione con antigene specifico in infermi 
affetti da condilomi acuminati, Riforma med. 50:1604, 1934. 
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virus was filtered first through Berkefeld candles by Goldberger and 
Anderson *°* and later by various means by Degkwitz,'°* Wenckebach 
and Kunert,'’' Blake and Trask *°® and Taniguchi and others.’°° Culti- 
vation of the virus on the chorioallantois of the developing chick embryo 
has been claimed by Torres and de Castro Teixeira,’®’ by Wenckebach 
and Kunert,’°* by Degkwitz and Mayer’ and by Taniguchi and 
others,’°* and cultivation in tissue culture has been claimed by Plotz.*® 
More recently Rake and Shaffer **° propagated the virus for over thirty 
serial passages on the chorioallantois in the absence of regularly 
occurring transmissible microscopic lesions and proved the presence of 
the virus by production of a typical experimental disease in monkeys and 
in human beings. These investigators also confirmed Plotz’s cultivation 
of the virus in tissue culture. 

There is evidence to indicate that measles virus may be of large 
particle size. Taniguchi and co-workers described elementary bodies 
(0.25 millimicron when stained) in scrapings from the corneal epithelium 
of rabbits infected from human beings with measles. Coles ** also 
described elementary bodies in the blood, tears and secretions from the 
nose and throat of patients with measles. There is as yet no general 
agreement as to the occurrence and nature of the various inclusion 
bodies which have been observed in cases of the disease, but the 
basophilic cytoplasmic bodies described by Lipschiitz '** and the nigrosin- 
staining bodies of Broadhurst and associates ''* are the most significant. 
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Little is known about other properties of the virus. Goldberger 
and Anderson *° reported that it resisted freezing for twenty-five hours 
but was destroyed at 55 C. in fifteen minutes and that it retained its 
infectivity at room temperature for at least twenty-four hours. Rake, 
Shaffer and Jones *** noted its ability to withstand treatment with 10 
per cent anesthetic ether for thirty minutes at room temperature. The 
virus induces a strong and lasting immunity, and only a few instances 
of a second attack have been reported. Passive immunity may be 
acquired through the injection of convalescent serum. In 1933 
MckKhann and Chu? reported that placental protein extract had a 
prophylactic effect in measles, and use of this material in the prevention 
of the disease in contacts has been reported on favorably by a number 
of workers. If the administration of the extract is delayed until the 
fifth to ninth day of the incubation period, modification of the disease 
usually results. 

To Be Concluded) 

114. Rake, G.; Shaffer, M. F., and Jones, H. P.: Studies on Measles: III. 
The Use of Tissue Culture in Propagation of Measles Virus, J. Infect. Dis. 69:65, 
1941. 


115. McKhann, C. F., and Chu, F. T.: Use of Placental Extract in Prevention 
and Modification of Measles, Am. J. Dis. Child. 45:475 (March) 1933. 











Obituaries 


COMMANDER ERIC LILJENCRANTZ 
1902-1942 


The tragic death of Commander Eric Liljencrantz in a plane crash 
at sea on Nov. 5, 1942, near the United States Naval Air Station at 
Pensacola, Fla., removed one who, although not an ophthalmologist, 
had been deeply interested in all problems connected with the visual 
requirements of aviators. Because of his studies on the night vision 
of fliers, the results of which have been published in journals not 
commonly read by ophthalmologists, it is deemed proper for the 
ARCHIVES to make some note of the commander and his contribution 
to aviation medicine. 

In the June 1942 issue of the Proceedings of the United States 
Naval Institute appeared “The Use of the Eyes at Night,” prepared 
by Liljencrantz and his fellow commanders C. A. Swanson and L. D. 
Carson. This eminently practical contribution offered a lucid explana- 
tion of the properties of the retina in the appreciation of darkness and 
light. The authors pointed out by simple direction the means by which 
aviators can fly safely and effectually at night, twilight and early dawn. 

Commander Liljencrantz, a native of California, was born Nov. 6, 
1902. After graduation in 1929 from Stanford University School of 
Medicine, he became interested in radiology, particularly with regard 
to the treatment of malignant disease. His “Cancer Handbook,” in use 
at the tumor clinic of Stanford University and published in 1939, is a 
model of lucid exposition of the radiation treatment of disease. 

Commander Liljencrantz early became interested in aviation and 
frequently was consulted by corporations concerning personnel problems. 
In 1938 he was led to organize the medical service of the Pacific 
division of Pan-American Airways. In 1940, when called to duty 
in the Navy, he immediately began to consider the problems of night 
flying; the results of his studies he promptly communicated to other 
observers. So valuable did his services become that in August 1942 
he was chosen as the medical director on the Board of Scientific Advisers 
of the Institute of Aeronautical Sciences. His death, therefore, has 
dealt a serious blow to aviation medicine in this country. 

Liljencrantz, though deeply interested in whatever he undertook, 
possessed a most charming personality, which made it easy for his 
associates to pursue the serious and direct courses of research which 
he had instituted. 

He had accumulated a vast collection of articles on aviation, and 
in recognition of his great interest therein the Lane Library, at Stanford 
University, proposes to create a special section on aviation medicine as 


a memorial to him. Buerox Caance 
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Abstracts from Current Literature 


Epirep BY Dr. WILLIAM ZENTMAYER 


. 


Cornea and Sclera 


LocaAL EFFECTIVENESS OF SODIUM SULPHACETAMIDE (ALBUCID 
SOLUBLE) [SULFACETIMIDE] IN TREATMENT OF EXPERIMENTAL 
ULCERS OF THE CorRNEA. J. M. Rosson and G. I. Scort, Brit. M. J. 
1:5 (Jan. 3) 1942. 


As to the question of whether sulfonamide compounds are capable of 
exerting chemotherapeutic action when applied locally, the authors 
decided to determine whether the local application would affect the 
course of an actively progressive and destructive lesion in the rabbit’s 
cornea. In deciding which drug was to be used the following properties 
seemed desirable: It should have a high solubility, it should be non- 
irritant and the solution should be not far from neutral and should 
readily penetrate into the tissues. 

The author selected sodium sulfacetimide as being the one drug 
which conformed to these standards. Equal areas of epithelium were 
removed from the two eyes, in a number of rabbits, and the lesions were 
infected with Bacillus pyocyaneus. In all animals one eye was used 
as a control, the other eye being treated with a 30 per cent solution oi 
sodium sulfacetamide. Severe corneal ulceration developed in all the 
control eyes. When the solution was first applied one hour after inocula- 
tion with the organism, ulceration was completely prevented in 11 
of 17 eyes; when it was applied five hours after inoculation, ulceration 
was completely prevented in 5 of 12 eyes; when it was applied twelve 
hours after inoculation, ulceration was prevented in only 2 of 12 eyes 
but the lesions in the 10 remaining eyes were less severe than in the 
control eyes. ARNOLD KNAPP. 
General 


A STATISTICAL ANALYSIS OF 3,219 PERSONS CERTIFIED BLIND AT THI 
REGIONAL CLINIC FOR CERTIFICATION OF THE BLIND, GLASGOW 
AND SOUTHWEST SCOTLAND, DurinGc Periop 1929-1935. J. 


MARSHALL and H. E. Server, Brit. J. Ophth. 26: 338 (Aug.); 


385 (Sept.) ; 433 (Oct.) 1942. 


This paper represents a prodigious amount of work which unfor- 
tunately is of a nature that does not lend itself to abstraction. 


W. ZENTMAYER. 
Injuries 


WarR SURGERY OF THE EYE: REMOVAL OF MAGNETIC INTRA-OCULAR 
FOREIGN BopIEs BY THE PosTERIOR Route. H. B. STALLARD, Brit 
M. J. 2: 629 (Nov. 28) 1942. 


The author believes that the posterior route has advantages for the 
extraction of intraocular foreign hodies because they may be rough and 
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irregular, and thus cause damage to the ciliary body and the iris or the 
lens, and that the metals encountered in war work are apt to be of low 
magnetic properties, so that it is desirable to place the giant magnet as 
near the foreign body as possible. He thinks that the point of entry 
should also be used for the exit of the foreign body. If the wound has 
healed, a scleral incision should be made at the site of election. The 
posterior route is also advantageous when the foreign body is nonmag- 
netic, as the scleral opening can then be used for the introduction of a 
fine pair of forceps or a wire snare, with which the foreign body is seized 
and extracted under ophthalmoscopic guidance. A successful case of 
such extraction is reported. The author believes that operation by the 
posterior route disturbs the eye less than the procedure involving the 
anterior route. 

In the cases encountered in the western desert in Africa, there was 
no associated intraocular infection, though Stallard doubts that this was 
due to the irregular administration of the sulfonamide compounds. 

The author has some interesting remarks to make about the value 
of the British steel helmet as compared with the Italian one. It seems 
that the latter offers greater protection to the eyes. 

The foreign bodies are localized by a simple x-ray technic which was 
introduced by Brigadier C. W. Graham. This consists in applying a 
silver ring which fits exactly to the corneoscleral junction and is stitched 
in position by sutures. There are two exposures made, and in order to 
obtain a posteroanterior view of the orbit free from the dense shadow of 
the petrous part of the temporal bone, the head is tilted so that the occi- 
put is down and the face up. 

The directions for the interpretation of roentgenograms should be 
read in the original article. 

The operation, which is performed with local anesthesia, is then 
described. The desired scleral area is exposed by reflecting a conjunc- 
tival flap. 

If the scleral wound is situated over the posterior part of the pars 
plana of the ciliary body or between the ora serrata and the equator, one 
or two applications of surface diathermy are made over the wound. This 
produces hemostasis and insures subsequent choroidoretinal adhesions. 
A mattress suture is passed through the edges of the scleral wound as 
a preliminary. The wound is enlarged if necessary, and a Mellinger 
giant magnet is swung into position and the terminal inserted. After the 
successful removal of the foreign body, the mattress suture is drawn 
tight. The author states that loss of vitreous has never occurred, and 
the eyes have shown no postoperative reaction. 

The number of cases was not given, and no mention was made of the 
importance of the subsequent history of patients who have been operated 


on by the posterior route. Aewotp KNAPP 


MECHANISM OF SPONTANEOUS EXPULSION OF INTRAOCULAR SPLINTERS 
oF CoprpER: REpoRT OF A CASE. S. MIeELKE, Klin. Monatsbl. f. 
Augenh. 105: 207 (Aug.) 1940. 


Splinters of copper may be spontaneously expelled from the eyeball 
after varying periods. According to some authors copper is more fre- 
quently expelled than iron and these two metals more frequently than 
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wood, stone and glass. Mielke reports a case in which a fragment of a 
cartridge entered the eye of a boy aged 16 through the sclera at the tem- 
poral portion of the limbus. A small iridodialysis and a striated opaci 
of the lens developed. A roentgenogram revealed the foreign body lying 
nasally, below and posterior to the equator, where it rested on the retina 
for some time. Then it changed its location. Under repeated attacks of 
irritation it passed through the vitreous, perforated the iris and after 
twenty-three years found its way below the conjunctiva at 6 o’clock. 
This case supports the view that copper splinters do not cause sympa- 
thetic ophthalmia even if they cause periodic irritation. The lower lim- 
bus at 6 o’clock appears to be the favored exit for their spontaneous 
expulsion. Animal experiments showed Mielke that the migration of 
the splinters is produced by changes in the tissues of the eye. In experi- 
ments with electricity the copper particles moved toward the cathode. 
Copper particles in chalkosis are deposited chiefly at the upper and the 
lower limbus. Heavier particles are conducted to the lower portion of 
the limbus by force of their weight. Softening of the tissues at the point 
of the splinter, caused by leukocytes attracted by chemotaxis, will pull 
the splinter forward into the softened area. K. L. Srot. 


Ocular Muscles 


SoME OBSERVATIONS ON THE SURGICAL TREATMENT OF CONCOMITANT 
StraBisMus. H. P. Fotcer, Brit. J. Ophth. 26: 318 (July) 1942. 


Folger states that the first requisite in dealing surgically with stra- 
bismus is a thorough preoperative examination. Such an examination 
includes an estimation of the visual acuity (with refraction during cyclo- 
plegia), of the near point of convergence and of deviation for distance 
and near vision in the six cardinal fields, together with performance of 
the screen comitance test of ocular motility and any associated vertical 
deviation. 

In the case of convergence excess the author prefers the Jameson 
recession operation. In the case of convergent squint with divergence 
excess he prefers a resection operation on one or both of the internal 
rectus muscles, and if a greater effect is required, a Jameson recession 
operation of the external rectus muscles. If the eye is larger than 
normal, 1 mm. of deviation represents less than 5 degrees; if it is smaller, 
more than 5 degrees. It seems reasonable to operate when more con- 
servative measures have proved inadequate. If the cornea measures 
more than 11 mm., the eye is probably larger than normal. There is 
nothing to be gained, and often there is much to be lost, by waiting too 
long before operating. Intratracheal anesthesia is preferred. 


W. ZENTMAYER. 


Orbit, Eyeball and Accessory Sinuses 


EXOPHTHALMOS IN PATIENTS WITH VARIOUS TypEs oF GorTeR. M. H. 
Sotey, Arch. Int. Med. 70: 206 (Aug.) 1942. 


Exophthalmos occurs in diseases other than diseases of the thyroid. 
Soley limits his discussion to that which occurs in certain diseases of the 
thyroid. One of the reasons for confusion as to the presence or absence 
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of exophthalmos has been the failure of many clinicians to distinguish 
“stare,” or retraction of the upper (and perhaps the lower) lid, from 
protrusion of the eyeball. Several other situations may give rise to a 
false impression of exophthalmos, for example, lid lag associated with 
unilateral ptosis of an upper eyelid and overaction of the contralateral 
levator palpebrae superioris muscle, causing lid lag in the opposite 
eye. Exophthalmos can be confirmed only by careful observation and 
by actual measurement with the Hertel exophthalmometer. The measure- 
ments of the eyes of 65 normal persons, of 106 with toxic diffuse goiter 
and of 2 before and after unilateral paralysis of the cervical sympathetic 
ganglions are presented by the author. According to his studies, the 
eyes become measurably more prominent after subtotal thyroidectomy 
in more than 50 per cent of patients with toxic diffuse goiter; they 
become less prominent in only a few. These observations are contrary 
to the opinion of most surgeons who have relied on clincial impressions 
as to the state of exophthalmos before and after treatment. Loss of 
the stare associated with hyperthyroidism does not necessarily mean a 
decrease in exophthalmos. The eyes of thyrotoxic patients treated by 
roentgen rays show less tendency to increase in prominence. There- 
fore, for patients with hyperthyroidism in whom exophthalmos is severe, 
roentgen therapy is more desirable than surgical subtotal thyroidectomy. 
Treatment of these particular patients should be directed toward preven- 


tion of malignant exophthalmos. J. A. M. A. (W. ZentMayer). 


Refraction and Accommodation 


Two UNusuaL SyMPpToMs oF EyEsTRAIN. J. R. Noyes, Laryngoscope 
52: 376 (May) 1942. 


Noyes has relieved several patients of annoying tinnitus by correcting 
hyperopia, astigmatism and presbyopia. The relief of eyestrain will not 
cure all patients with tinnitus, but if the possibility of its presence is 
carefully considered many patients can be relieved by the correction of 
refractive errors and muscular imbalance. Globus hystericus is another 
symptom of eyestrain which is not commonly considered as such. Many 
patients with this condition have been relieved by properly fitted glasses. 


J. A. M. A. 
Retina and Optic Nerve 


THE TREATMENT OF SYPHILITIC Primary Optic AtropHuy. J. E. 
Moorg, R. D. Haun, A. C. Woops and L. Stoan, Am. J. Syph., 
Gonor. & Ven. Dis. 26: 407 (July) 1942. 


From 1918 to 1940 Moore and his co-workers treated 250 patients 
with syphilitic primary atrophy of the optic nerve at the syphilis clinic 
of the Johns Hopkins Hospital and in private practice. The relationship 
of early treatment to the development of the optic nerve atrophy could 
be determined in 235, and only 3 (1.3 per cent) had received anything 
approaching adequate therapy; only 32 (13.6 per cent) had received 
any arsphenamine, while 188 (80 per cent) had had no treatment. These 
data show that adequate treatment of early syphilis nearly completely 
protects against the development of optic nerve atrophy. Primary optic 
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nerve atrophy occurred in at least 8 per cent of all patients with acquired 
neurosyphilis. Its incidence was still higher in neurosyphilitic Negroes, 
No significant decrease in its relative incidence was evident during the 
last two decades. The cerebrospinal fluid was normal in nearly 7 
per cent. Primary optic nerve atrophy occurred more than twice as 
frequently in patients with syphilitic tabes as in patients with other types 
of neurosyphilis. It is rare in uncomplicated dementia paralytica. The 
only clinical manifestations in many patients were primary optic nerve 
atrophy and pupillary changes. The therapeutic results were subjected 
to statistical analysis by the life table method. The course of untreated 
optic nerve atrophy had to be estimated from anamnestic data influenced 
by a multiplicity of extraneous factors. Blindness occurred in 28 per 
cent of untreated patients within one year of onset of symptoms, in 
50 per cent within two years and in almost 65 per cent within three 
years. Six years after onset 75 per cent were blind, and after twelve 
years less than 90 per cent were blind. 

Routine antisyphilitic treatment failed to alter significantly the spon- 
taneous course of the untreated disease. Subdural therapy precipitated 
blindness in almost 10 per cent of the patients. Of those given malarial 
therapy, only 9 per cent were blind one year after onset of symptoms, 
14 per cent were blind at two years and 18 per cent were blind at three 
years. Thereafter, up to fifteen years no additional blindness ensued. 
It was estimated that to the 25 per cent of selected patients who would 
retain more than 10/200 vision ten years after onset of symptoms, fever 
therapy added an additional 57 per cent. The optic nerve atrophy was 
unilateral in only 4 per cent at the initial examination. The variation 
in the course of the atrophy could not be accounted for by differences 
in treatment alone. At least one additional factor which determined the 
ultimate outcome was the type of field defect. The prognosis was less 
favorable in the presence of central or paracentral scotomas. Adhesive 
arachnoiditis was not found by Dandy in 3 patients at intracranial 
exploration. No beneficial or deleterious effect followed the operation. 


J. A. M.A. 


SEARCH FOR AND LOCALIZATION OF TEARS IN RetTINA. H. Arruga, 
Tr. Hispano-Am. Ophth. Soc., October 1941. 


The author attaches the utmost importance to the localization of the 
tear on the retina during the operation. In those cases in which 
the retina is very close to the choroid, use of plain diathermy bleaches the 
retina, especially the edges of the tear, giving thus a reliable orientation. 
If the retina is partially separated, this technic is inefficacious, and it is 
necessary to use diathermic needle punctures or transillumination, the 
assistant marking the point of the sclerotic transillumination while 
the operator is observing the tear by means of the ophthalmoscope, or 
the assistant presses with a hook and the operator locates the sites 
with the ophthalmoscope. 

In cases of extensive separation of the retina, according to the author, 
the preferable technic consists of the employment of the lancet which may 
be introduced without loss of vitreous and in case of necessity may be 
partially removed to permit outlet of the subretinal fluid, after which it 
can be reintroduced. 


W. ZENTMAYER. 
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Trachoma 


ORSERVATIONS ON THE CHEMOTHERAPY OF TRACHOMA. A. R. 
McKe vir, R. Kirk and H. J. Hotper, Am. J. Ophth. 24: 1035 
(Sept.) 1941. 


This study was designed to assess the effect of sulfonamide com- 
pounds on different varieties of trachoma and to determine how these 
drugs act. McKelvie and associates conclude that chemotherapy is most 
dramatic in cases in which there are serious clinical manifestations. 
Their observations support the hypothesis that sulfonamide compounds 
have no effect on trachoma but clear up the superimposed bacterial 


bell a 
infections. W. S. REEsE. 


THe USE or VARIOUS SULFANILIC Acip DERIVATIVES IN TRACHOMA. 
K. W. Coscrove and L. K. Hunptey, South. M. J. 35: 43 (Jan.) 
1942. 


Cosgrove and Hundley state that 1,866 patients from the Arkansas 
trachoma service have been given various sulfanilic acid derivatives. 

The trachoma of 402 (21.5 per cent) was improved; that of 1,359 
(73 per cent) was arrested, and that of 105 (5.5 per cent) was not 
improved. The visual impairment of 74.7 per cent of the patients was 
arrested ; that of 19.9 per cent was improved, and that of 5.4 per cent 
was not improved. The improvement in vision was from 5 to 80 per 
cent. As 8.7 per cent of the patients had complications which required 
surgical intervention and 3.5 per cent had been observed for less than 
three months, the total in whom trachoma can be arrested is near 90 per 
cent. The result shows that a sufficient dose of sulfanilamide or of 
any one of its derivatives is equally effective. An average of 1.85 mg. 
per hundred cubic centimeters of free sulfanilamide in the blood is 
required to arrest trachoma. Oral administrations, supplemented by 
local application, permits the use of smaller doses. Ambulatory treatment 
is possible, and there is no danger of serious reactions. 


J. A. M. A. 


Tumors 


THe Earty DIAGNosiIs OF CHOROIDAL MELANOMAS. B. Rones, Am. J. 
Ophth. 25: 39 (Jan.) 1942. 


Rones discusses the diagnosis of choroidal melanomas and emphasizes 
their high mortality rate. He cites 2 cases which illustrate how important 
it is to make an early diagnosis and to remove all suspicious blind eyes 
even though occasional mistakes be made. W. S. Resse. 


FAMILIAL INCIDENCE OF ReEtrnosLAstoMA. H. F. FAtts, Am. J. 
Ophth. 25: 42 (Jan.) 1942. 


Falls reports on a family in which retinoblastoma developed in 6 of 
a total of 10 siblings. Two children with monocular involvement sur- 
vived. Of the 4 who died, 3 displayed bilateral involvement. Falls 
strongly urges sterilization of parents who have produced 2 children 
with retinoblastoma. W. S. REESE. 
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ADRENAL NEUROBLASTOMA WITH ORBITAL Metastases. G. P. Gurpor 
Am. J. Ophth. 25: 387 (April) 1942. 
Guibor gives the following summary. 


“1. A typical case report, with autopsy, of a seven-months-old infant 
with a right adrenal neuroblastoma is presented. This neoplasm was so 
malignant and grew so rapidly that lymphatic metastases were found in 
the retroperitoneal and mediastinal lymphatics, about the tongue and 
tonsils, in the orbit, maxilla, base of skull, and dura mater. The primary 
tumor could not be palpated and was found only at autopsy. ; 

“2. The difficulty in diagnosing the malady is that usually found 
in cases of Hutchinson neuroblastoma. It simulated a sarcoma of the 
orbit or skull. Roentgenograms suggested a hemangioma or meningioma. 
The blood examination suggested chloroma. 

“3. Even though the primary neoplasm was in contact with the liver, 
the brain, and the kidney, it did not invade these organs by contiguity 
but metastasized through the lymphatics to more distant tissues. 

“4. The roentgenographic sun-ray pattern seen in X-ray plates of the 
left temporal bone has not been reported previously. 

“5. The microscopic picture is typical of a neuroblastoma of the 


adrenal.” W. S. REEsE. 


A Case oF MELANoTICc SARCOMA oF ConyuNcTivA. H. TomKIn, 
Brit. J. Ophth. 26: 314 (July) 1942. 


The patient was a woman aged 73 years. A small black spot on 
the left eyeball was first noticed twelve months previously. It had 
grown to a size of 8 mm. from apex to base and 6 mm. transversely. 
It was irregularly pigmented. The cornea in the neighborhood of the 
tumor was abraded, probably by the tumor overhanging it. The skin 
over the zygoma showed a semilunar patch of pigment. The pigmented 
area had been present ten years and had not altered in size. 

The major portion of the growth was covered by stratified epithelium 
several layers thick, and the remainder was enclosed in a delicate fibrous 
capsule. The subepithelial layer comprised a fine reticular matrix on 
which were scattered thin-walled blood vessels, a little scattered pigment 
both intracellular and extracellular and some tumor cells. The main 
mass of the tumor consisted of spindle cells of varying size, mostly 
arranged in bundles in the long axis of the cell. There were occasional 
cells containing pigment and some extracellular pigment. On the whole, 
however, pigmentation was conspicuously absent. The tumor matrix 
was delicate and the blood vessels numerous. 


The article is illustrated. W. ZENTMAYER. 


Therapeutics 


Tue TREATMENT OF STAPHYLOCOCCAL INFECTIONS OF THE EYE BY 
IMMUNIZATION WitH Toxorp. L. A. JULIANELLE, R. H. Boots 
and G. H. Harrison, Am. J. Ophth. 25: 431 (April) 1942. 


Julianelle, Boots and Harrison present the following summary and 
conclusions: 


“1. A study has been made of immunization with toxoid as the sole 
form of treatment in staphylococcal infection of the eye. 
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“2. Staphylococci isolated from each patient were identified as patho- 
senic in each instance by fermentation of mannite, and extraction of 
g ) , 
type-A carbohydrate. 

“3. All 30 patients studied had chronic conjunctivitis, of whom 17 
exhibited in addition superficial punctate keratitis, three styes, and 
two chalazia. 

“4. The serum of each patient underwent a rise in antitoxin by the 
end of the immunization. 

“5. Cultures of potentially virulent staphylococci were obtained all 
through the period of observation. 

“6. At the close of the study, 10 presented conjunctivae with varying 
degrees of improvement and 20 gave no evidence of any change from 

gpg 5 ) 
their original appearance. 

“7. In the three patients with styes and two with chalazia there was 
disappearance of the conditions. 

“8. On the other hand, styes developed in six other individuals and 
chalazia in two others while the treatment was in force. 

“Q, Of 22 patients examined five to six months after immunization 9 
were approximately the same, 1 was markedly improved, and 12 were 
completely asymptomatic. 

“10. Immunization with toxoid does not appear to be an effective 
method of treatment in presumably staphylococcal infections of the eye.” 


W. S. REESE. 
Toxic Amblyopia 
MetHyL-ALconHot AmBiyopiA. L. T. Simons, Am. J. Ophth. 25: 446 
(April) 1942. 

Simons gives the following summary : 

“A brief history of methyl-alcohol amblyopia has been given. The 
etiology and prognosis have been discussed in some detail and the symp- 
toms, pathology, and therapy have been mentioned. A case report, with 
recovery of practically normal vision, has been described. Mention is 
made of the possible value of thiamin chloride in the treatment of this 


. rf ; : 9 a . 
condition. W. S. REESE. 
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Immediate and Late Reoperation for Glaucoma. Dr. \Vittis S. 
KNIGHTON. 


This paper will be published in full in a later issue of the ARCHIVEs. 


Histologic Causes for Failure of Operations for Glaucoma. Dk. 
BRITTAIN F. PAYNE. 


Ideal postoperative results for the relief of glaucoma are so rarely 
seen in the laboratory that histologic studies of the material at the New 
York Eye and Ear Infirmary were made to determine the causes of 
failure. Approximately 100 pathologic specimens of eves were studied, 
and an attempt was made to select sections representative of the common 
operations performed for the relief of increased intraocular tension. 
The operations included paracenteses, posterior sclerotomies, iridectomies, 
iris inclusion operations and trephine operations. 

The histologic observations on the globes studied were so similar 
that it was often difficult to tell the exact operation or operations per- 
formed for the relief of glaucoma. The outstanding characteristic of all 
the specimens was the failure of the operation to reduce the extent of 
the anterior peripheral synechias. Practically all the sections showed that 
the operative wound was so far anterior to the normal angle of the iris 
that a basal iridectomy was impossible. Many of the wounds contained 
remnants of the iris and ciliary processes and, more rarely, prolapsed 
crystalline lens. The uveal remains were frequently replaced by dense 
keloid-like connective tissue. Most all the wounds were sealed by 
fibrinous tissue, in which evidence of inflammatory reaction remained. 

The general picture along the line of incision consisted of colonies 
of lymphocytes and plasma cells with congested blood vessels and localized 
edema. After paracentesis it was noted that the normal filtration angle 
was not restored. Hemorrhage and inflammatory changes may lead 
to atrophy of the globe. Posterior sclerotomies are evidently only 
temporary measures and are to be avoided whenever possible. It may 
be said from the viewpoint of the pathologist that in general some form ot 
corneosclerotomy is the operation of choice. 
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DISCUSSION Ol PAPERS BY DR. KNIGHTON AND DR. PAYNE 


Dr. ALGERNON B. Reese: I should like to show microscopic sections 
to confirm the points brought out by Dr. Payne, which are as follows: 

1. That keratome sections are invariably too far central. In making 
these sections advantage has not been taken of the leeway of safety which 
exists in placing them more peripherally, so that a basal iridectomy can 
be done. 

2. That many trephine openings show incarcerated ciliary processes. 
These incarcerated processes are probably a factor in the occurrence of 
quiet iritis following trephine operations. Incarceration of ciliary pro- 
cesses can be prevented by nicking the iris when it prolapses into the 
trephine opening, thus allowing the aqueous to escape slowly before the 
peripheral iridectomy is done, and also by placing the trephine opening 
well forward in the cornea. 

Dr. Knighton called attention to the fact that after each operation 
for glaucoma changes occur in the anatomy and physiology of the eye. 
By gonioscopy it has been shown that synechias increase after each 
operation, the filtration load thus being increased. Therefore, after each 
succeeding operation, there seems to be less chance of a successful 
outcome. 

Dr. Knighton also mentioned that the pressure may be elevated 
for a short time after an operation for glaucoma. The elevation may 
last for a week or ten days and sometimes even longer. After this time 
the pressure may become normal and remain so. I think Dr. Jonas 
Friedenwald has given the correct explanation for this rise of pressure 
alter operations for glaucoma. He said that it is due to edema of the 
ciliary body and processes which has been superimposed on the edema 
usually found in glaucoma. A sudden lowering of the intraocular 
pressure from above normal to zero at the time of operation causes an 
effusion of fluid into the ciliary processes. The root of the iris is pushed 
forward and occludes the filtration angle. After the edema of the ciliary 
body and processes occasioned by the operation subsides, a sufficient 
amount of the angle may open to permit the pressure to be within the 
normal range. 

Dr. Knighton said that in subsequent operations he sometimes dissects 
the conjunctival flap down to the filtration opening and removes the 
scar tissue at the site of the filtering wound. I should like to ask him 
how soon after the first operation it is permissible to do this. 

The failure of an iridectomy to control what is thought to be acute 
glaucoma is sometimes due, in my opinion, to the fact that the condition 
was not correctly diagnosed. An exacerbation of chronic glaucoma may 
be called acute glaucoma. Iridectomy then cannot be expected to give 
satisfactory results. 

Dr. Knighton also mentioned that a fistulizing wound may be blocked, 
not only by ciliary processes, but by iris tissue. I believe that such 
blockage is more likely to occur when the iris either is atrophic or has 
been involved in an inflammatory process. A wound in a normal 
iris does not heal; i. e., an iris that is not subject to irritation or is 
not the seat of pathologic change will not produce the usual repair scar 
tissue. Therefore, I believe that if a trephine operation is done in a case 
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of late glaucoma in which the iris is definitely atrophic, or has been 
involved in an inflammatory process, a complete iridectomy is advisable 
in order to insure that no iris tissue is left in the wound. 

Finally, microscopic study has revealed another reason for blockage 
of the trephine opening: a prolapse of Descemet’s membrane into the 
wound. I think the blockage occurs in this manner: If the instrument 
is dull, it will cut through the corneal tissue, but when it reaches 
Descemet’s membrane, which is much more firm and resistant than 
corneal tissue, it will simply push the membrane ahead of it. Further 
membrane can then be laid down by the endothelium and occlude the 
opening. 

Dr. DANIEL B. Kirsy: I think the essayists and discussers have put 
the fear of God into their listeners regarding operations for glaucoma; 
they will look at every eye in prospect rather than in retrospect and think 
before starting the operation of what will be the possible cause of its 
failure. 


Dr. ARNoLD Knapp: There are three points that I should like to 
speak of in connection with reoperation for glaucoma: First, it is 
absolutely wrong to draw on the iris in doing a trephine operation. I 
think that thereby one is inviting adhesions of the iris, prolapse of the 
ciliary body or processes and other troubles. Second, the less trauma 
one causes in operating, the better the result will be. In other words, 
in operations for glaucoma the instruments have to be as sharp as they 
possibly can be. The more dissection, pull and trauma one causes, 
the less chance there is for a successful filtration operation. Third, it is 
not just a case of repeatedly operating ; there is a limit to what the eye 
will stand. Professor Fuchs has described a condition as sclerosis of the 
cornea in which the cornea becomes permanently opaque in an eye which 
has been subjected to too much operating. 


Dr. Joun M. McLean: I have two questions to ask Dr. Knighton. 
He spoke about sclerosis of the flap causing failure of external filtration 
operations. That it does so, there is no doubt. The question arises 
how to prevent sclerosis in the second external filtration operation, and 
I wonder whether he has any comment to make on the procedure of 
not only making the second flap at an entirely different point but 
deliberately applying almost immediate postoperative radiation of 
the flap with the idea of preventing this keloid-like formation. It is 
much more common in the colored race than in the white race. 

The second question is about manipulation in the seton operation. 
I do not know much about seton operations. I have not done many. I 
do remember doing one as the thirteenth operation on an only eye. I 
think Dr. Knapp saw that eye, and the cornea was still partly clear. 
The seton operation seemed to be the only one that had any degree of 
success, and when I lost track of the patient about two years after the 
seton operation the seton was still functioning. The patient had suffered 
no further loss of vision. It was necessary to manipulate the seton 
about once every six weeks to insure drainage, but such manipulation 
can be accomplished through the intact conjunctiva with a smooth 
forceps whenever necessary. Dr. Knighton spoke about manipulation and 
massage, and I wonder how far he has been able to utilize setons with 
simple manipulation. 
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Dr. WILLIs S. KniGHton: Doctor Reese asked how soon the con- 
junctiva might be dissected down after the original operation. I do 
not know. With clinic patients it happens that we have never tried to 
open the original operative wound for at least a month. With one private 
patient I opened the conjunctiva after ten days, but that does not answer 
the question. I do not know how soon the dissection can be done with 
impunity. 

In some cases it is necessary to keep the patient’s tension under 
control until something else can be done, and at the infirmary, in a good 
many eyes which were almost ready for enucleation, the tension was 
controlled as an experiment. 

Dr. McLean asked if I knew something about beta radiation. I do 
not. I know it has been used and reportedly with good success, but I 
deliberately omitted mention of it because I was not familiar with it. 

In regard to the seton operation, I have told nearly all I know about 
it. The patient presented had what I thought for about a week to ten 
days was a miserable failure, because I had to manipulate the seton every 
other day and massage the eye. In that way I was able to get the tension 
down fairly close to normal. I was greatly surprised after my last manip- 
ulation to find that the tension stayed down, and it has remained normal, 
about 16 mm. of mercury, for the past five days. That is the longest 
period so far. 

Dr. BRITTAIN PAYNE: From my study I think that some type of 
filtration operation should be performed in the treatment of glaucoma— 
whether iridencleisis, the trephine operation or the Lagrange operation. 
I want Dr. Knapp to correct me if 1 am wrong. I believe that no patient 
under 50 years of age should be operated on by trephining, because of 
the danger of later infection from the bleb. 


Bilateral Metastatic Carcinoma of the Choroid: Case Reports. Dr. 
ARTHUR J. BeDELL, Albany, N. Y. (by invitation). ; 


This paper will be published in full, with discussion, in a later issue 
of the ARCHIVES. 
Neurodermatitis with Cataract. Dr. CLyp— MCDANNALD. 


This article will be published in full, with discussions, in a later issue 
of the ARCHIVES. 








Book Reviews 


Reading as a Visual Task. By Matthew Luckiesh and Frank Moss. 
Price, $5. Pp. 428. New York: D. van Nostrand Company, 1942. 


This book is largely a summary of the authors’ researches as they 
deal directly with the problem of reading as a visual task. It is not 
intended as a volume on reading disabilities or reading difficulties 
except as they pertain to the physical factors. 

Of the fifteen chapters, nine are concerned with physical specifica- 
tions, such as type size, type faces, leading, length of line, papers and 
inks, duplication materials and illumination intensities, and it is ia this 
field that the authors have made a real contribution. The book is 
valuable as a source of physical data on reading materials. The dis- 
cussions are weakest when they enter the physiologic and psychologic 
fields. A foreword by H. L. Gage, of the Mergenthaler Linotype Com- 
pany, serves to emphasize the printed material phase of the subject. 

In any discussion of the tasks involved in prolonged critical seeing, 
the old arguments concerning the definition and nature of eyestrain, 
eye fatigue, ease of seeing, visibility, etc., and the validity of criteria 
for measuring them, are sure to arise. The authors continue to rely on 
the blink rate as a criterion for most of their judgments. It is hardly 
to be expected that their judgments will be widely accepted until veri- 
fied by other responsible investigators. The authors do not greatly 
forward such acceptance by their manner of reporting. Data are frag- 
mentary, and as a rule only conclusions based on short tables are 
presented. A paucity of critical experimental details makes many brief 
articles unacceptable—in a 400 page book it can hardly be overlooked. 

In this reviewer’s opinion the book belongs in ophthalmologic, physi- 
ologic and psychologic laboratories chiefly because of its contents relat- 
ing to printing and duplicating. 


LEGRAND H. Harpy 
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